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A USER'S MANUAL FOR THE ORIGEN2 COMPUTER CODE 
A .  G. Croff  
ABSTRACT 
T h i s  r e p o r t  d e s c r i b e s . h o w  t o  u s e  a r e v i s e d  v e r s i o n  of 
t h e  ORIGEN computer code ,  d e s i g n a t e d  ORIGEN2. Inc luded  a r e  
a  d e s c r i p t i o n  o f  t h e  i n p u t  d a t a ,  i n p u t  deck o r g a n i z a t i o n ,  
and sample i n p u t  and o u t p u t .  ORIGEN2 can  b e  o b t a i n e d  from 
t h e  Radiat i 'on  S h i e l d i n g  I n f o r m a t i o n  C e n t e r  a t  ORNL . 
1. INTRODUCTION 
ORIGEN, is  a wide ly  used computer , code f o r  c a l c u l a t i n g  t h e  b u i l d u p ,  
decay,  and p r o c e s s i n g  of r a d i o a c t i v e  m a t e r i a l s .  - D u r i n g  t h e  p a s t  few 
y e a r s , a . s u s t a i n e d  e f f o r t  was under taken  by ORNL t o  upda te  t h e  o r i g i n a l  
ORIGEN code' and i t s  a s s o c i a t e d  d a t a  b a s e s .  The r e s u l t s  of t h i s  e f f o r t  
were u p d a t e s  of t h e  r e a c t o r  models,  c r o s s  s e c t i o n s ,  f i s s i o n  p r o d u c t '  
y i e l d s , .  decay d a t a ,  decay photon d a t a ,  and t h e  ORIGEN computer code i t -  
s e l f .  2-5 The o b j e c t  of i n t e r e s t  i n  t h i s  r e p o r t  i s  t h e  r e v i s e d  v e r s i o n  
of t h e  ORIGEN computer code,  which is  c a l l e d  ORIGEN2. ~ ~ e c i f i ' c a l l ~ , .  
t h i s  r e p o r t  c o n s t i t u t e s  a  d e t a i l e d  u s e r ' s  manual f o r  ORIGEN2. 
S e c t i o n  2  o f  t h i s  r e p o r t  d e s c r i b e s  s e v e r a l  g e n e r a l  c o n s i d e r a t i o n s  
t h a t  d i f f e r e n t i a t e  ORIGEN2 from t h e  o r i g i n a l  v e r s i o n  o f  ORIGEN. These 
g e n e r a l  c o n s i d e r a t i o n s  a r e  v e r y  i m p o r t a n t  s i n c e  (1)  t h e i r  e f f e c t  is  t o  
. . 
give ORI~.EN? an  oi .~tward appearance  which i s , r a d i c a l l y  d i f f e r e n t  from 
t h e  o r i g i n a l  v e r s i o n ,  and (2 )  t h e y . m u s t  be  f u l l y  unders tood  i f  t h e  
u s e r  i s  t o  comprehend t h e  r . e s t  o f  t h e  u s e r ' s  manual. 
S e c t i o n  3 d e s c r i b e s  t h e  n a t u r e  of s e v e r a l  t y p e s  of d a t a  t h a t  a r e  
i n i t i a l i z e d  b e f o r e  any i r r a d i a t i o n  o r  decay c a l c u l a t i o n s  a r e  performed. . 
The m e t h o d s . f o r  a l t e r i n g  t h e s e  d a t a  a r e  a i s o  d e s c r i b e d  i n  t h i s  s e c t i o n .  
S e c t i o n  4 ,  which i s  t h e  h e a r t  of t h e  u s e r ' s  manual,  d e s c r i b e s  t h e  
i n s t r u c t i o n s  whereby t h e  u s e r  d i r e c t s  ORIGEN2 t o  perform t h e . c a l c u l a -  
t i o n s  r e q u i r e d  t o . a c h i e v e  t h e  d e s i r e d  , r e s u l t s .  It, is  a t  t h i s  p o i n t .  
t h a t  t h e  i n c r e a s e d . f l e x i b i 1 i t y  and t h e  more voluminous l n p u t  r e q u i r e -  
ments of ORIGEN2 become most e v i d e n t .  
S e c t i o n  5 d e s c r i b e s  t h e  c o n t e n t s  and f o r m a t s  of t h e  decay,  c r o s s  
s e c t i o n / f i s s i o n  p r o d u c t  y i e l d ,  and- photon l i b r a r i e s  used by ORIGEN2. 
F o r  most u s e r s ,  t h e  r e q u i r e d  l i b r a r i e s  have been s u p p l i e d  a l o n g  w i t h  
ORIGEN2,.and S e c t . ' 5  w i l l  b e  o,f l i t t l e  concern.  However, t h e s e  
d e s c r i p t i o n s  are v i t a l  f o r  t h o s e  u s e r s  who c r e a t e  t h e i r  own l i b r a r i e s  
o r  wish  t o  o v e r r i d e  c e r t a i n  v a l u e s  i n  t h e  e x i s t i n g  l i b r a r i e s .  
S e c t i o n  6 ,  which is  r e l e v a n t  t o  a l l  u s e r s ,  d e s c r i b e s  how t h e  i n i t i a l  
material  compos i t ions  used i n  ORIGEN2 a r e  s p e c i f i e d .  The format  of t h e s e  
d a t a  i s  somewhat, a l t h o u g h  n o t  r a d i c a l l y ,  d i f f e r e n t  from tha t  of t h e  
o r i g i n a l  ORIGEN. 
S e c t i o n  7 d e s c r i b e s  t h e  o r g a n i z a t i o n  of ORIGEN2 i n p u t  decks  f o r  t w o  
c a s e s :  one w i t h  t h e  d a t a  l i b r a r i e s  on c a r d s , a n d  t h e  o t h e r  w i t h  t h e  d a t a  
' l i b r a r i e s  on t a p e  o r  a  d i r e c t - a c c e s s  d e v i d e .  T h i s  s e c t i o n  i s  i m p o r t a n t  
b e c a u s e  of t h e  l a r g e  number of d i f f e r e n t  t y p e s  o f  i n p u t  d a t a  r e q u i r e d  by 
OKIGEN2 and b e c a u s e  o f  t h e  v a r i a b i l i t y  o f  t h e  i n p u t  t h a t  i s  r e q u i r e d ,  
depending  on t h e  o p t i o n s  t h e  u s e r  e l e c t s  t o  invoke.  
F i n a l l y ,  s e c t i o n - 8  d e s c r i b e s  a sample ORIGEN2 i n p u t  deck ( l i s t e d  i n  
' ~ ~ ~ e n d i x  A), g e n e r i c  ORIGEN2 o u t p u t ,  and sample ORIGEN2 o u t p u t  ( l i s t e d  
i n  Appendix B ) .    his t y p e  o f  d e s c r i p t i o n  i s  n e c e s s a r y  because  of t h e  
l a r g e  number-of  i s o t o p e s  and t a b l e  t y p e s  t h a t  can  b e  o u t p u t  by ORIGEN2. 
A code package ' c o n t a i n i n g  ORIGEN2 and i t s  d a t a  l i b r a r i e s  can  be 
o b t a i n e d  a t  t h e  f o l l o w i n g  a d d r e s s :  
Codes C o o r d i n a t o r  
R a d i a t i o n  S h i e l d i n g  I n f o r m a t i o n  Cente r  
P.O. Box X 
Oak Ridge N a t i o n a l  L a b o r a t o r y  
Oak Ridge,  T ~ n n e s s e e  37830 
2. GENERAL CONSIDERATIONS 
2 .1  ORIGEN2 MAIN 
The MAIN r o u t i n e  of ORIGEN2 perforins fou r  major func t ions :  
1. provides  a mechanism t o  v a r i a b l y  dimension ORIGEN2 t o  accommodate 
d i f f e r e n t  problem s i z e s ,  
2. p rovides  much of t he  framework necessary  t o  put  some of t h e  a r r a y s  
t o  s e v e r a l  d i f f e r e n t  uses ,  
3 .  c a l l s  f o r  t h e  sub rou t ines  t h a t  perform t h e  d e s i r e d  o p e r a t i o n s ,  and 
4. p rovides  a mechanism t o  execute  m u l t i p l e  OKIGEN2 problems w i t h  a  
s i n g l e  job . 
The t h i r d  func t ion  i s  handled au toma t i ca l ly  and w i l l  no t  be d iscussed .  
The f o u r t h  funct ' ion is  d iscussed  i n  Sect .  4.29. 
ORIGEN2 has  been v a r i a b l y  dimensioned .to a l low t h e  u s e r  t o  t a i l o r  
t h e  s i z e  of t he  executable  module t o  the  problem s i z e  and/or t h e  a v a i l a b l e  
computer space. The s i z e  of t h e  ORIGEN2 execu tab le  module ranges  from 
about 175K (1K = 1024 b y t e s  = 256 s i n g l e  p r e c i s i o n  words) t o  about 600K, 
p r i n c i p a l l y  depending on t h e  number of n u c l i d e s  being considered.  
F igure  2.1 g ives  a  l i s t i n g  of ORIGEN2 MAIN w i t h  a l p h a b e t i c  c h a r a c t e r  
s t r i n g s  (e .g . ,  CCCC),subst i tuted f o r  numerical a r r a y  dimensions. A 
d e s c r i p t i o n  of each  of t h e s e  a r r a y  dimensions i s  given i n  Table 2.1. 
The requi red  s i z e  of t hese  dimensions p r i n c i p a l l y  depends on t h e  number 
of n u c l i d e s  being considered i n  a  given case .  These n u c l i d e s  a r e  grouped 
1. Ac t iva t ion  products ,  which c o n s i s t  of n e a r l y  a l l  n a t u r a l l y  occu r r ing  
n u c l i d e s ,  t h e i r  neut ron  abso rp t ion  products ,  and the  decay daughters  
of t h e s e  products .  Thj.8 segment i s  p r i n c i p a l l y  used t o  handle 
s t r u c t u r a l ' m a t e r i a l s  ( e  .g . ,  Z i rca loy)  and f u e l  i m p u r i t i e s .  
2. Act inides,which con ta in  t h e  i s o t o p e s  of t h e  elements  thorium (atomic 
number 90) through e ins t e in ium (atomic number 99) t h a t  appear i n  
s i g n i f i c a n t  amounts i n  discharged r e a c t o r  f u e l s  p l u s  t h e i r  decay 
daughters .  
LOGICAL LONG 
INTEGER.2 LOCAONONO.KD,LOC,NGP, NGN. N G R , N Y I E L D , N O N P N Q  X K P  . 
$IOCF.NPUDPP 
DOUBLE P R E C I S I O N  CICN,CSOH 
DIOENSION XNEW (AAAA ,BBBB) ,COEPP (CCCC,BBBB) ,NPROD(CCCC,BBBB) 
s a a  R X  ( B B B ~ )  , R A P  ( e s a e )  
DIHENSION S T T P P B  ( J J J J ,  1 0 ) .  I S T O T I  ( J J J J , 0 3 ) , I S  ( J J J J )  , R S T O T I  ( J J J J )  
DIMENSION A  (DDDD) , LCCA (DDDD) ,NPUDFP(PPPP,OOOO) 
a I a e N s I o N  D R ( N N N N )  .ER ( N N N N )  , P R  ( N N N N )  
DIHENSION Y I E L D ( E E E E )  ,NYIELD ( P P P P )  ,RHULV (NNNN,3) 
DIMENSION ALPHN (GGGG) ,NUCAN (GGGG) ,NUCSPU (GGGG) ,NY (GGGG) ,YY (GGGG) 
1 i B F P S P  (GGGG) ,PPA (GGGG) 
13  COMHON /JUNK/ERR,IDM ( I ) ,  I L I T E ,  I A C T , I P P , I T O T , I L H A X  ,IAHAX,IPMAX, 
1 4  $ I T M A X , I Z O A X , A X N , Q X N . P I U X , P O W E R , I N D E X . T P P ~ A V ( U )  , IPHHAX 
1 5  COOOON /OAIN03 /NSTP.AN! !UL.bNEXPPNAB~AXX ICNM AX.IAPMAX.IPYMAX 
1 6  C  1 7 6 6  WORDS A R E  N S C E S S A R ~  I N  / N U D S C R /  B E G I N N I N G  WITH S  
- 
1 7  C /NUDSCR/ I S  USED FOR H U I T I P L E  PURPOSES.  
i e C O M H O N  / N O D S C R / D U M ~  (CCCC,BBBB),  0 0 0 2  ( H H H H , B B B B )  , s ( 2 )  , C I M N  (BBBB) , 
1 9  $ CSUH (BBBB) , NONP (BBEB) ,NQ (BBBB) , XP (BBBB) ,XPAR (BBBB) , X T E M P ( B B B ) .  
2 0  B C (BBBB) , AP ( 1 1 1 1 )  , L C C P  ( 1 1 1 1 )  ,LONG (BBBB) 
2  1 COMHON /BIG/NUCL (BBeB)  ,O ( 0 0 0 0 ) .  P G  ( 0 0 0 4 ) .  mCAP (RRRR) ,GENNEU (CCCC) , 
2  2  SALPHAN (GGGG) , S P O N P  (GGGG) ,SYNU(GGGG) , P I S S  (GGGG) ,NUCAB (BBBB) , 
2  3  S A M P C  ( R R R R )  , a n P C  ( s e s e )  ,XSTOPE (JJJJ .BBBB) ,DIS(BBBB) , B  (BBUD)  , 
2 1( C R B U N D  ( K K K K )  ,NONO (BBEB) . R D ( B B B B I ,  LOC (DDDD) NGP (BRBR) ,NGN (RRRB) ,  
2 f $NGR (LLLL)  ,GGR (LLLL)  
26 C DR,ER, AMb f~ PROVIDE A  CONVENIENT UECAANISU POR I N I T I A L I Z I N G  VARIABLE 
2 7  C  MULTIPLIER ARSAY RHULV. 
2 9  E Q U I V A L E N C E  (OR ( 1 )  . R H U L V  ( 1  , I ) ) ,  (a~(1) , n a n r v  ( 1 , 2 )  , 
2 9 ~ I P R I I I  . n a u ~ v ~ i . ~ r  I 
30 ~ Q U ~ V A ~ E N C E  ( D U H ~ . ( I  . I )  ,COEFP ( 1 ,  I ) ) ,  ( 0 0 ~ 2  ( 1  ,I) , N P R O D ( I , I ) ) ,  . 
3 1 $ ( N C N P ( 1 )  ,OHAX ( 1 )  1 ,  (RAP ( 1 )  . N O ( l ) ) ,  (XNEW ( 1 , l )  ,DOH1 ( 1 , l )  1 
. 3 2  E Q U I V A L E N C E  ( X P  ( 1 )  , A L P R N  ( 1 )  ) . ( R I . P H N  ( G G G G )  , N U C A N  ( 1 )  ) , ( N U C A N  (GGGG) , 
3 3 SNUCSPU ( 1 )  ) , (NUCSPU (GGGO) ,NY ( 1 )  ) , (NY (GGGG) ,YY ( I )  ) , (YY [GGGG) , 
. 3 4  S F F S P  ( 1 )  ) , (PPSP ( G G G G )  , Y T e L n ( l ) ) ,  (YIELD ( E E E E )  , N Y I E L D  ( I ) , )  
3 E CALL Q 1 0 5 P  ( 6 )  
3 6  C  f N I T I A 1 I Z E  PAGE COUNTER 
3  7 NPRGE=IPAGE ( 0 )  
3  e L X =  JJJJ 
3 9  HX= AAAA 
4 0  LC= cccc 
4  1 ILMAX= HMHH 
4  i IRUAX= GGGG 
4  2 IYMAX= F P P P  
4  4  ITUAX- DDBB 
( ( 5  IZnAX= DDDD 
4 t IPHHAX=LLLL 
4  7 I A P H A X = I I I I  
u e I F Y H A X - E E E E  
4 F NAEMAX=KKKK 
9 0 l C N n A X - 0 0 0 0  
5 1 1 p r =  P P F P  
5 i LAN-NNNN 
5 3  C NEUTRONS PER NEUTRON-INCUCED F I S S I O N :  O=THERMAL SPECTRUH: l = Y A S T  SPECTRUM 
5 4  AYTP=l , 
5 5  NYTF=O 
5 6  C  CALL.SUBROUTINE T O  READ CARD INPUT FROM U N I T  5, P R I N T  I T  ON UNIT 6 ,  AND 
5 7  C  WRITE I T  ON UNIT 5 0 .  U N I T  5 0  I S  THEN REWOUNC AND O R I G E N 2  READS THE DATA 
5 f  C  PROM U N I T  5 0 .  
5 9  CALL L I S T I T ( 5 . 6 , 5 0 )  
6  0 REWIND 5 0  
6 1  C MAIN1 HANDLES THE P~ISCEILANEOBS I N I T I A L I Z A T I O N  DATA 
6 2  1 CALL MAIN1 (NYTP, SPNU,ALPHN,NUCAN,NUCSPU, NY,YY,ANHUL,ANEXP) 
6 ?  C MAIN2 BEADS THE O R I G E N 2  CO??BCQS 
64. 2 c h t i  ~ A I N ~ ( N S T P )  
6 5  C  R A I N 3  EXECUTES THE O R I G E N 2  COOHANDS 
6 6  3 CALL H A I N 3 (  
6 7  $ LONG.STTPPB,ISTOTI,IS,RSTOTI, LX, HX, LC,IYU, 
6 e  ' SNUCAB,NONO,KC,LOC, NGP,NGN,NGR,NYIELD, NONP,NQ,LOCP,HI!AX,KhPn 
6 Y LLUCI ,NPUDFP,  C I H N , C 3 U U ,  5, 
$NUCL,Q,PG,TOCAP,GENBEU,ALPHAN,SPONP,SPNU,PISS,AHPC0WMPC,XSTORE, 
'O S D I S ,  B,GGR,YIELD, A  ,XP, XPAR,XTEMP, D,AP,COEPP,NPROD, XNEW, 
71 $ALPFIN, NUCAN,NUCSPU,NY ,YY,PPSP,PPA,ABUND,RRULV,LAH)  2
7 3  C  T H I S  "GO TO" FROVIDES T E E  HECHANISH FOR E X K U T I N G  H O L T I P L E  PROBLEMS WITHIN 
7 4  C  A  S I N G L E  JOB.  
7 5 GO TO ( 1 , 2 , 3 , 4 ) ,  NSTE 
7 6  4  CONTINUE 
7 7 c e i i  q l O S ~ ( 6 )  
7 8  STOP 1 0 0  
7 9  . END 
F ig .  2 .1 .  Generic O R I G E N 2  M A I N  subprogram. 
Table 2.1. Description of alphabetic array dimensions 
in Fig. 2.1 
- -  - - - - -  
Alphabetic 
character string 
in Fig. 2.1 Description 
AAAA Number of output vectors, i.e., MN in XNEW 
(Mx,ITMAx) 
BBBB Maximum number of nuclides = ITMAX 
CCCC Maximum number of non-zero cross-section and 
decay reactions per nuclide = LC in COEFF(LC,ITMAX) 
DDDD Total number of non-zero matrix elements. . ' 
(Array A) 
EEEE Number of non-zero fission product yields 
FFFF Maximum number of fission products = IFMAX 
GGGG Maximum number of actinides + 1 = IAMAX 
HHHH 13 - LC (See C above) 
Maximum number of non-zero elements for long-lived 
nuclides (Array AP) . . 
JJJJ Number of storage vectors = LMX in XSTORE(MX,ITMAX) 
KK1(K Number of non-zero natura,,, abundances 
LLLL Number of non-zero ph.oton yields 
MMMM 
. . 
Maximum number.of light nuclides = ILMAX 
Maximum number of variable multipliers in W L V  
.Number of actinides with both direct fission 
product' yields and a variable fission cross section 
(usually 3; can be 4' for plutonium-enriched- thorium 
fuels) 
.3.  F i s s i o n  products ,  which c o n s i s t  of n u c l i d e s  .produced by a c t i n i d e  
f i s s i o n  p l u s  t h e i r  decay and cap tu re  products .  
. The meaning of t h e  word "vectors"  i n  Table 2 .1  . i s  d iscussed  i n  Sec t .  2.4. 
ORIGEN2 keeps  t r a c k  of and ' p r i n t s  t h e  minimum requi red  s i z e  of most 
of t h e  v a r i a b l y  dimensioned a r r a y s  ( s ee  Sect .  8 .2.2) .  A summary of t h e  
recommended dimensions f o r  s e v e r a l  problem s i z e s  i s  given i n  Table 2.2. 
The magnitude of  t h e  dimensions i s  dependent on t h e  number of a c t i n i d e  
n u c l i d e s  having d i r e c t  f i s s i o n  product  y i e l d s ,  which can range from 
z e r o  t o  e i g h t  ( s e e  Sec t .  4.18).  Dimensi.ons a r e  given i n  Table 2 .2  f u r  
c a s e s  w i t h  0,  4 ,  6 .  and 8 a r t i n i d e s  having d i r e c t  f i s s i u u  prr?duct yfe. I d s .  
' k e  v a r i a b l e  NYTF i n  M A I N  ' ( s ee  Fig.  2  . l )  i n d i c a t e s  whether thermal 
r e a c t o r  (NYTF = 0) o r  f a s t  r e a c t o r  (NYTF 1 )  l leutsnn yI~1rl-s per  neutron 
induced f i s s i o n  a r e  t o  be used ( see  a l s o  Sec t .  3 .1) .  
The v a r i a b l e s  IWULV, DR, 'ER, FR, and LAM a r e  r e l a t e d  t o  a  m u l t i p l i e r  
used by t h e  MOV (Sect. 4.12) and ADD (Sec t .  4 . 1 3 )  commands. LAM is  t h e  
. . 
number of p o s s i b l e  m u l t i p l i e r s  ( p r e s e n t l y ,  fou r )  i n  a  given s e t  of mult i -  
p l i e r s .  These a r e  s p e c i f i e d  by i n i t i a l i z i n g  v a r i a b l e s  DR ( f i r s t  s e t ) ,  
ER (second s e t ) ,  and FR ( t h i r d  s e t )  us ing  DATA s ta tements  i n  MAIN, 
Var i ab le s  D R ,  ER, and FR a r e  equivalenced t n  t h b  app ropr i a t e  p o r t i o n  
of RMULV. The v a r i a b l e  LAM i s  passed in sub rou t ine  parameter l is ts  f o r  
v a r i a b l e  dimensioning purposes,  
2.2 OKIGEN2 Free-Format Input  
With few excep t ions ,  a l l  of t h e  inpu t  d a t a  t o  ORIGEN2 can be 
s p e c f f i e d  i n  f r e e  format .  The free-format  read r o u t i n e s  a r e  modi f ica t ions  
of t h o s e  w r i t t e n  by L. M. ~ e t r i e . '  The r e s t r i c t i o n s  on free-format inp;\ 
a r e  as fo l lnws:  
1. All d a t a  must appear  i n  t h e  c o r r e c t  o rde r .  
2 .  A l l  d a t a  must be of t h e  c o r r e c t  type  ( e .g . ,  i n t e g e r  o r  r e a l )  and 
may b e  i n  I, F, E ,  o r  D format .  
3 .  Each darum must 'b; sepa ra t ed  from the next  by a comma and lo r  a t  l e a s t  
one space .  
T a b k  2.2. 0 i m e n s i o n s . f o r  v a r i o u s  ORICEA2 c a s e  s i z e s  
. . 
. P a r a m e t e r  
Case 
1 2 3  4  5 . 6  7 8  9  1 0  11 12 1 3  14 1 5  1 6  
Type o f  c a l c u l a t i o n  
b  
Any An Y Any Any Ar.y Any Any Any Any Lecay Decay Decay Decay Any Any Any 
N u d e r  o f  a c t i n i d e ;  w i t h  4  6  8. 4  , 6  8 0  0  0  0  0  0  0 4  6  4  
d i r e c t  , f i s s i o n  p r o d u c t  
y i e l d s  





F F F F ~  








Approximste amount o f  c o r e  
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aAP = a c t i v a t i o n  p r o d u c t s ;  A = a c t i n i d e s  and d a u g h t e r s ;  FP = f i s s i o n  p r o d u c t s .  
bAny = e j t h e r  i r r a d i a t i o n  ( i . e . ,  IRP o r  IRF commancs) o r  decay  ( i . e . ,  DEC command) can b e  used .  Oecay = no i r r a d i a t i o n ;  decay  o n l y .  
' s e e , ~ a b l e  2 . 1  and F i g .  2 . 1  f o r  d e t a i l s  on t h e  d e s c r i p t i o n  and u s e  o f  t h e s e  d imens ions .  
d ~ r r a y  d jmens ion  s h o u l d  b e  e v e n l y  d i v i s i b l e  by 4 t c  e n s u r e  word boundary a i i g n i e n ' c .  
e ~ a r g e r  i i m e n s i o n s  may b e  r e q u i r e d  f o r  s m a l l  i r r a d i a t i o n  o r  decay  t ime s t e p .  I n  t h e  l i m i t  o f  z e r o  t ime,  1111 = DDOD. 
f ~ e p e n d s  on r e a c t o r  b e i n g  c o o s i d e r e d ;  s e e  Table  2 . 1 ,  i t e m  0000. 
g ~ a n  v a r y , d e p e n d i n g  on t h e  number o f  i n p u t / o u t p u t  ~ m i t s  and  b u f f e r  s i z e s .  
4 .  Zero da ta '  v a l u e s  must appear  e x p l i c i t l y  ( i . e . ,  a  blank i s  n o t  
equ iva l en t  t o  a  z e r o ) .  . 
5.  I n  g e n e r a l ,  d a t a  may be continued onto m u l t i p l e  r eco rds  when des i r ed .  
6 .  C e r t a i n  d a t a  must appear  a s  t h e  f i r s t  datum on a new record.  'These 
i n s t a n c e s  are desc r ibed  l a t e r .  
7 .  The maximum reco rd  l e n g t h  is  80 by te s .  
8. I f  a n  end of  f i l e  i s  r e a d ,  c o n t r o l  is  r e tu rned  t o  t h e  c a l l i n g  
sub rou t ine .  , 
Thus, i n  gene ra l ,  t h e  d a t a  be ing  read  must b e .  i n  t h e  c o r r e c t  o rde r ,  must 
begin on a new ca rd  when r e q u i r e d ,  and must be separated by a comma or 
b lank .  Other than  t h i s ,  t h e  d a t a  may appear anyplace on an inpu t  record .  
I n  t h e  s p e c i a l  c a s e  of  numbers i n  E o r  D format (e .g . ,  3.8E Ol), t h e  space 
a f t e r , t h e  E i s  a c c e p t a b l e  and i s  n o t  considered a s  t h e  end of t h e  number,. 
2.3 The ORIGEN2 "Command" Concept 
The u s e  of "commands" i s  one of t h e  p r i n c i p a l  d i f f e r e n c e s  between 
ORIGEN2 and previous  v e r s i o n s  of OKIGEN'. A n  ORIGEN2 command d i r e c t s  
t h e  computer code t o  execu te  a  s i n g l e  func t ion ,  such as a s i n g l e  i r r a d i a -  
t i o n  s t e p .  A s e r i e s  of  i n t e r r e l a t e d  commands i s  genera l ly ,  r equ i r ed  t o  
o b t a i n  a meaningful r e s u l t .  Ofhe s e r i e s  of commands t y p i c a l l y  ranges 
from 25 t o  200 i n  number and i s  s i m i l a r  i n  l o g i c  t o  a  program w r i t t e n  
i n  a computer language such as FORTRAN. Thus, t h e  s e r i e s  of commands 
v e r y  much resembles a program which i s  read and executed by ORIGEN2. 
The implementation of t h e  command concept i n  ORIGEN2 i s  advantageous i n  
t h a t  i t  al lows a use r  t o  s imu la t e  a wide v a r i e t y  of nuc.lear f u e l  cyc l e  
s c e n a r i o s  i n  d e t a i l ,  i nc lud ing  r e c y c l e  c a l c u l a t i o n s .  The accompanying 
d isadvantage  is t h a t  t h e  r equ i r ed  inpu t  i s  mare d e t a i l e d  and more 
s p e c i f i c  than  i n  prev ious  ve r s ions  of ORIGEN.  The c u r r e n t l y  a v a i l a b l e  
ORIGEN2,commands~are~ de f ined  and d iscussed  f n  Sec t .  4 .  
2.4 The Concept of an ORIGEN2 "Vector" 
Before a t tempt ing  t o  d e s c r i b e  t h e  o p e r a t i o n a l  d e t a i l s  of ORIGEN2, 
i t  i s  important t h a t  t h e  use r  understand t h e  concept of an ORIGEN2 
f f v ec to r . "  An ORIGEN2 v e c t o r  i s  a one-dimensional a r r a y  t h a t  s p e c i f i e s  
t h e  amount of each nuc l ide  being considered i n  an ORIGEN2 case ;  i t  is  
p r i n t e d  a s  a  s i n g l e  column of numbers i n  ORIGEN2 output .  For example, 
i n  Case 1 i n  Table 2.2, which inc ludes  a c t i n i d e ,  a c t i v a t i o n ~ p r o d u c t ,  and 
f i s s i o n  product nuc l ides ,  a v e c t o r  might s p e c i f y  t h e  amounts of a l l  ' 
t h e s e  n u c l i d e s ' i n  a  spent  PWR f u e l  assembly a f t e r  150 days pos t - i r r ad i a -  
t i o n  decay time. I n  t h i s  c a s e ,  t h e  amounts of about 1676 nuc l ides  
. . 
(dimension BBBB i n  Tables 2 . 1  and 2.2) corresponding t o  t hese  cond i t i ons  
would be  s p e c i f i e d  i n  t h e  vec to r .  A schematic diagram of t h e  conceptual  
v e c t o r  o rgan iza t ion  i n  O R I G E N ~  is  shown i n  Fig.  2.2.  Two b a s i c  types  of 
v e c t o r s  a r e  a c c e s s i b l e  t o  t h e  use r :  ou tput  v e c t o r s ,  and s t o r a g e  vec- 
t o r s .  
Twelve output  vec to r s  a r e  contained i n  ORIGEN2. These v e c t o r s  
a r e  w r i t t e n  when ORIGEN2 output  is  produced. Each of the vec to r s  .is 
des igna ted  by us ing  p o s i t i v e  i n t e g e r s  corresponding t o  t h e  r e l a t i v e  
l o c a t i o n  of t h e  v e c t o r ,  w i th  t h e  l e f tmos t  vec to r  on t h e  output  page 
be ing  vec to r  1 and t h e  r ightmost  vec to r  12. The information i n  t h e  
output  v e c t o r s  i s  r e t a i n e d  under a l l  cond i t i ons  ,except one. This - 
except ion  occurs  when a  new s e t  of ORIGEN2 commands i s  read dur ing  a 
s i n g l e  run us ing  t h e  STP command (Sec t .  4.29) and t h e  new s e t  of commands 
i .nc11ides a LIB command (Sect .  4.18) ;.which r eads  new ORIGEN2 decay and 
c ros s - sec t ion  d a t a  l i b r a r i e s .  I n  t h i s  c a s e ,  t h e  a r r a y  con ta in ing  t h e  
output  v e c t o r s  i s  used a s  s c r a t c h  space t o  read t h e  new l i b r a r i e s  and 
the  nuc l ide  mass d a t a  a r e  l o s t .  
There a r e  a  v a r i a b l e  number (LX)'of s t o r a g e  v e c t o r s  i n  ORIGEN2, 
depending on t h e  v a r i a b l e  dimensions employed (see  v a r i a b l e  JJJJ i n  
Table 2 . 1 . ) .  These ve,ctors a r e  used t o  s t o r e  i n t e rmed ia t e  ORIGEN2 
r e s u l t s  and cannot be ou tpu t .  The v e c t o r s  a r e  des igna ted  by us ing  
nega t ive  i n t e g e r s  from -1 t o  -LX. The informat ion  i n  t h e  s t o r a g e  
v e c t o r s  is  r e t a i n e d  under a l l  c i rcumstances,  i nc lud ing  those  where the 
output  vec tors  . a re  ove rwr i t t en .  
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Fig. 2.2.' Organization of OR.IGEN2 vectors. 
-2.5 Descr ip t ion  of ORIGEN2 ~ n p u t / O u t p u t  Un i t s  
ORIGEN2 uses  s e v e r a l  i npu t  and output  u n i t s  t o  f a c i l i t a t e  o r d e r l y  
and f l e x i b l e  code opera t ion .  These u n i t s  and t h e i r  func t ions  . a r e  given 
i n  Table 2.3. For a  b a s i c  ORIGEN2 c a l c u l a t i o n ,  u n i t s  5 ,  6 ,  12 ,  and 50 
would be necessary ,  and the  r e s t . o f  t h e  u n i t s . c o u l d  be dummied.or omit ted.  
, The u n i t s  n o t  used i n  t h e  b a s i c  c a l c u l a t i o n . a r e  r equ i r ed  t o  execute  c e r t a i n  
. . 
ORIGEN2 commands o r  t o  provide u s e f u l  a u x i l i a r y  informat ion  : 
2.6 Card Input  Echo 
ORIGEN2 has  included i n  i t  a  SUBROUTINE,LISTIT,which has  t h e  func t ion  
of providing a  card  i n p u t  echo. The ca rds  a r e  read on u n i t  5 ,  p r i n t e d  on 
u n i t  6 ,  and w r i t t e n  t o  u n i t  50, which is  a  temporary f i l e .  Cards t h a t '  
have a  d o l l a r  s i g n  ($) i n  t h e  f i r s t  column of t h e  card  a r e  p r i n t e d  (on 
u n i t  6) bu t  no t  w r i t t e n  (on u n i t  50 ) ,  t hus  al lowing f o r  t h e  i n c l u s i o n  of 
comments i n  t h e  inpu t  s t ream t h a t  w i l l  n o t  i n t e r f e r e  wi th  t h e  ope ra t ion  
of ORIGEN2. Unit 50 i s  then  rewound, and t h e  r e s t  of ORIGEN2 reads  t h i s  
in format ion  from u n i t  50. The u n i t s  5 ,  6 ,  and 50 appear e x p l i c i t l y  i n  t h e  
c a l l  t o  LISTIT, which occurs  i n  MAIN.  Thus, i f  t h e  u n i t  numbers given i n  
Table 2.3 a r e  a l t e r e d ,  t h e  u n i t  d e f i n i t i o n s  i n  t h e  LISTIT parameter l i s t  
i n  MAIN must a l s o  b e  changed correspondingly.  
2.7 O R I G E N ~  Nuclide I d e n t i f i e r  , = 
. . 
'l'he UKIGENZ nuclide Ider~Llfler'is a six-digit intcgcr t h a t  
uniquely d e f i n e s  a p a r t i c u l a r  nuc l ide .  This  i d e n t i f i e r , '  which . is .  
i d e n t i c a l  w i th  t h a t  i n  t h e  o r i g i n a l  ORIGEN, i s  def ined  a s  fo l lows:  
NUCLID = 10000*Z + 10*A + IS, 
. . 
NUCLID = s i x - d i g i t  nuc l ide  i d e n t i f i e r  
Z = atomic number of nuc l ide  
Table  2 . 3 .  Des:r.iption of ORIGEN2 i n p u t / o u t p u t  u n i t s  
- 
Uni t  
number D e s c r i p t i o n  Remar'cs 
3 S u b s t i t u t e  d a t a  f o r  decay and c r o s s -  S p e c i f i e d  by LIB sommand, S e c t .  4.18 
' s e c t i o n  l i b r a r i e s  
4 ~ l t e r n a t e  u n i t  f ~ r  r e a d i n g  rnaxer ia l  See  S e c t .  4.6 
compos i t ions  
5 Card. read'er S p e c i f i e d  i n  'MAIN in c a l l  t o  LISTIT 
6 P r i n c i p a l  o u t p u t  un+t  ;' u s u a l l y  
d i r e c t e d  t o  l i n e  p r i n t e r  
7 Uni t  t o  mite a n  o u t p u t  v e c t o r  
S p e c i f i e d  i n  3LOCK DATA, v a r i a b l e s  = IOUT, JOUT, 
KOUT; see Sec:. 4 . 6  
Used by PCH conmand', S e c t .  4.15 
9 Decay 'and c r o s s - s e c t i o n  l i b r a r y  S p e c i f i e d  by L I B  command, S e c t .  , . 4.18 
1 0  Photon l i - ~ r a r y  S p e c i f i e d  by PHO command, S e c t .  4.19 
11 A l t e r n a t e  o u t p u t  u n i t ;  u s u a l l y  See S e c t .  4.5 
d i r e c t e d  ro l i n e  p r i n t e r  
12 T a b l e  of c o n t e n t s  f o r  u n i t  6 a b m e ;  S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e  = NTOCA 
u s u a l l y  d i r e c t e d  t o  t h e  l i n e  ~ r i n t e r  
1 3  T a b l e . o f  c o n t e n t s  f o r  u n i t  11; u s u a l l y  S p e c i f i e d  i n  BLOCK DATA, v a r i a b l e  = NTOCB 
d i r e c t , e d  K O  l i n e  p r i n t e r  
1 5  P r i n t  dsbagging i x f o r m a t i o n  
1 6  P r i n t  v a r ~ a b l e  c r o s s - s e c t i o n  i n f o r m a t i o n  , 
. . 
5 0 ~ a t a  seP used t o  t e m p o r a r i l y  s t o r a  s p e c i f i e d  i n  ELOCK DP?A, v a r i a b l e  = IUNIT 
i n p u t  r e a d  on' u n i t  5 
A = '  atomic mass ,of nuclide 
IS = isomeric state indicator 
0 = ground state 
. 1 = excited state 
2 or greater not permitted 
. , Thus, the nuclide identifier .for f 3 7 ~ s  ( Z  = .  55, A = 137) would be 551370. 
The trailing zero (or one) is always required. A leading zero, such as 
for tritium (NUCLID = 010030),is not required. The six-digit identifier 
for an' element is given by 
ELEMID = '10000*Z, . . 
where ELEMID is the element identifier and Z is defined'as.above. Thus, 
the ELEMID for cesium would be 550000. 
2.8 Machine Compatibility Considerations 
ORIGEN2 has been designed to be as.machine-compatible as is possible 
by using only the FORTRAN computer language, using only'standard FORTRAN 
functions (e.g., SQRT, etc.), using H format specifications for literal 
j 
data in FORMAT and DATA statemeqts, and minimizing the number of partial- 
word (i.e., one-byte.and two-byte word) arrays. However, in the interest 
of minimizing space and coding complexity, some features were used that 
may.not be acceptable on non-IBM computers. Specifically, some partial- 
.word arrays are used. 
Aspects of.ORIGEN2 that are likely to require modification before 
implementation on other machines are as fo.l.l.ows : 
1. All partial-length word specifications mus.t be removed for those 
computers where they are not permitted. These specifications 
are given by cards at the beginning of each subprogram,and the 
first characters are EN'I'EGERn2. 
2. For those computers with a word length at least twice that of 
the IBM computers (32 bits), the DOUBLE PRECISION declarations 
become optional. 
3. In two places (subroutines LISTIT and QQREAD), ORIGEN2.is 
designed to ,read until an end-of-file is encountered and then 
branch to another operation. Accommodation of this branch is 
accomplished differently on different computers,and the user 
should check this to ensure compatibility. 
4 .  INTEGER FUNCTION QQPACK reads input data, character by character, 
.and constructs words from the characters. As a result of the 
. . 
widely varying word structure on various computers, this routine 
must be totally changed for each different type of computer. 
Versions of this subroutine are currently available for IBM 
and CDC computers. 
5 .  Many non-IBPI eompurrrs have rela~lvely sl~lall c u ~ e  ~ e g l u u s  T U L  
the executing program and a large, directly associated memory 
for storing the large arrays as opposed to the IBM procedure 
of placing the entire executing job in core. Thus, for these 
computers, cards that assign the desired arrays tc the directly 
accessed memory must be included. At the time this report is 
being issued, this has been accomplished for a CDC 7600 
7 computer. 
6 :  For computers where the use of uninitialized "garbage" in 
accignmant EtstementE will result. in arrsrs, the core ~ h o u l d  
be preset to zero. 
3. MISCELLANEOUS INITIALIZATION DATA 
Because the data discussed in this section are widely.varied and are 
, only related by their invariance from case to.case, they are categorized 
as "miscellaneous initialization data." The .types of data falling into 
this category, and the section in which each is discussed, can be summar- 
ized as. follows: 
Sect ion Data description 
3.1 . Fission neutron yields per neutron-induced 
fission 
3.2 (a,n) neutron production. rates 
3.3 Neutron yield per spontaneous fission 
3.4 Fractional reprocessing recoveries for 
individual elements 
3.5 Fractional reprocessing recoveries for 
element groups 
3.6 . Assignment of individual elements to 
fractional reprocessing recovery groups 
3.7 Elemental chemical toxicities 
All of 'these data are initialized in a BLOCK DATA statement using the 
types -of information described in the appropriate subsection below. 
3.1 Fission Neutron Yield per Neutron-Induced Fission 
The BLOCK DATA statement supplies spectrum-weighted single-group 
fission neutron yields per neutron-induced fission for a .the'rmal reactor 
(PWR-U) and a fast reactor (advanced-oxide ~FBR). These data are used ' 
in calculating the'infinite neutron multiplication factor for a mixture 
of nuclides. These data cannot be altered except by changing the values 
in the BLOCK DATA routine and recompiling it. - 
3.2 ( a , n )  Neutron Product ion Rate 
The BLOCK DATA r o u t i n e  s u p p l i e s  measured ( a ,n )  neut ron  product ion 
r a t e s  ( u n i t s  = neu t rons  g-' sec-') f o r  n u c l i d e s  i n  oxide f u e l s  which 
- 
o v e r r i d e  va lues  c a l c u l a t e d  w i t h  an  empi r i ca l  equat ion  i n  ORIGEN2. The 
( a ,n )  neut ron  product ion  r a t e s  f o r  t hose  n u c l i d e s  n o t  l i s t e d  e x p l i c i t l y  
a r e  c a l c u l a t e d  from a n  empi r i ca l  equa t ion .  The parameters  i n  t h e  
equa t ion  and t h e  e x p l i c i t  v a l u e s  cannot be a l t e r e d  except  by changing 
t h e  v a l u e s  i n  t h e  BLOCK DATA subrout ine  and recompil ing i t .  
3 . 3  F i s s i o n  Neutron Yield pe r  Spontaneous F i s s i o n  
The BLOCK DATA r o u t i n e  supp l i e s  measured neutron y i e lds .  per  spon- 
. t aneous  f i s s i o n  which o v e r r i d e  va lues  c a l c u l a t e d  wi th  an empi r i ca l  
equa t ion  i n  O R I G E N ~ .  ~l-.&se neutron y i e l d s ,  denoted a s  SF y i e l d s ,  a r e  
used , to c a l c u l a t e  t h e  decay neutron a c t i v i t y  of nuc l ide  mixtures .  The 
SF neut ron  y i e l d s  f o r  t hose  nuc l ides  not  given e x p l i c i t l y  a r e  c a l c u l a t e d  
from an  e m p i r i c a l  equat ion .  These i n i t i a l i z a t i o n  d a t a .  cannot be a l t e r e d  
except  by changing t h e  va lues  i n  the.BLOCK DATA r o u t i n e  and recompil ing 
i t .  
3.4 F r a c t i o n a l  Reprocessing Recoveries f o r  Ind iv idua l  Elements 
3 .4 .1  I n i t i a l i z a t i o n  va lues  
The BLOCK DATA subrou t ine  s u p p l i e s  reprocess ing  f r a c t i o n a l  r ecove r i e s  
(FRs) f o r  each i n d i v i d u a l  element.  The FRs a r e  used t o  s e p a r a t e  a  s p e c i f i e d  
e lementa l  composition i n t o  two s e p a r a t e  s t reams.  The i n d i v i d u a l  element 
FRs i n i t i a l l y  p r e s e n t  i n  ORIGEN2 a r e  given i n  Table 3.1. A s i n g l e  FR s e t  
specifics an FR f o r  each of 99 elements.  'l'here a r e  t en  s e t s  of i n d i v i d u a l  
FRs i n  ORIGEN2. 
The individua1.FR s e t s  a l s o  se rve  ano the r  purpose under c e r t a i n  
c i r c u m s t a ~ c e s .  I f ' o n e .  o r  more WAC commands ( see  Sec t .  4.17) a r e  used,  
t hen  a t  l e a s t  one individual-element  o r  element-group ( see  Sect .  3.5) 
FR s e t  must c o n t a i n  cont inuous  removal r a t e s  f o r  t h e  elements  i n  u n i t s  
Table 3.1. ORIGEN2 default individual-element fractional recoveries 
Fractional recoveries 
Set Set Set Set Set Set Set Set Set Set 


























of sec-'. The cont inuous  removal r a t e s  s p e c i f i e d  i n  t h e  FR s e t  a r e  those  
a p p r o b r i a t e  f o r  a r e a c t o r  w i t h  cont inuous f u e l  reprocess ' ing (e .g . ,  an MSBR). 
The s p e c i f i e d  cont inuous  removal r a t e s  a r e  used by t h e  WAC command t o  
g e n e r a t e  equ iva l en t  cont inuous  feed  r a t e s  of waste  dur ing  waste  decay. 
I n  e i t h e r  of  t h e  above cases ,  t h e  i n i t i a l  d a t a  can be a l t e r e d  by 
us ing  t h e  methods desc r ibed  below. 
3.4.2 Overr iding i n i t i a l  v a l u e s  
The.defau. l t  FRs f o r  i n d i v i d u a l  elements can he. n v ~ r r i d e n  by us in^ t h e  
fo l lowing  procedure: 
A .  runc  t ion  : o v e r r i d e s  ind iv idua l -  element FR suppl ied '  i n  t h e  BLOCK DATA 
srihrniirfne. 
. Data sequence: 
~ ~ ( 1 1  ~ ~ ( 1 1  FRO)  
NE (MMAX) , NS (MMAX) ' FR(MMAX) 
wh eltc 
NE(M) = one- o r '  two-digi t  el.ement a.tomic number (1-99) f o r  t h e  
f r a c t i o n a l  recovery  on t h e  Mth ca rd  
NS (M) . = s e t  -number (1-10) f o r  the  i n d i v i d b a l  f r a c t i  nnal recolrery 
-on t h e  Mth card  
FR(M) = f r a c t i o n a l '  recovery r e p l a c i n g  t h e  i n i t ' i a l  va lue  f o r  
element NE(N) i n  s e t  NS(N) 
MMAX = number of Tndividual-element f r a c t i o n a l  r e c o v e r i e s  be ing  
ove r r iden  (can be zero)  
C. Number of cards :  MMAX+l 
D. Terminate read ing  t h e s e  d a t a :  NE (MMAX+l) . LT. 0 
E. Skip read ing  t h e s e  da t a :  One ca rd  w i th  NE(l).LT.O 
F. Remarks: 
1. The FR(M).values a l s o  s e r v e  t o  d e f i n e  cont inuous removal r a t e s  
' f o r  t h e  WAC command ( see  Sec t s .  3 .4 .1  and 4 . 1 7 ) .  I n i t i a l  
cont inuous removal r a t e s  can be ove r r iden  i n  t h e  same manner 
a s  t h e  f r a c t i o n a l  r ecove r i e s .  
3.5 F r a c t i o n a l  Reprocessing Recoveries  f o r  Element Groups 
. . 
3.5.1 I n i t i a l i z a t i o n  va lues  
The BLOCK DATA sub rou t ine  s u p p l i e s  FR va lues  f o r  a  group of d e m e n t s .  
These group FRs can be  employed i n  e s s e n t i a l l y  t h e  same manner a s  t h e  FRs 
f o r  i n d i v i d u a l  e lements  (d i scussed  i n  S e c t . ' 3 . 4 ) .  That i s ,  t h e  group 
va lues  can be used t o  s e p a r a t e  a  s i n g l e ,  sPec i f ied :e lementa l  composition 
i n t o  two d i f f e r e n t  s t reams o r  t o  d e s i g n a t e  cont inuous removal r a t e s  f o r  
t h e  WAC command. The FR va lues  f o r  t h e  groups i n i t i a l l y  p re sen t  i n  
ORIGEN2 a r e  given i n  Table 3.2. ORIGEN2 can con ta in  up . t o ' 2 0  groups of 
elements.  There a r e  t e n  set's of group FR i n  ORIGEN2, each s p e c i f y i n g  
t h e  FR f o r  a l l  groups. 
The i n i t i a l - e l e m e n t  group FR can be a l t e r e d  by us ing  t h e  pracedure 
descr ibed  i n  t h e  subsec t ions  t h a t  fo l low.  
3 . 5 . 2  Overriding initial v a a u a ~  
The def aul t -e lement  group FR can be ove r r iden  by us ing  t h e  procedure 
descr ibed  below. 
A. Function: Overr ide element group FR supp l i ed  by t h e  BLOCK DATA 
suhrol i t ine.  
Table 3.2. ORIGEN2 default element-group fraction~l recoveries 
Fractional ' recoveries 
Set Set Set Set Set Set Set . Set Set Set 
Group 1 .2 3 4 5 6 7 8 9 10 
B. Data sequence: 
NG (LMAX) NS (LMAX) FR(LMAX) 
- 1 
where 
NG(L) = one- o r  two-digit  element group number (1-20) f o r  t h e  
f r a c t i o n a l  recovery on card -L 
NS(L) = s e t  number (1-10) f o r  t h e  element-group f r a c t i o n a l  
. . 
r ecove r i e s  on t h e  ca rd  L 
FR(L) = f r a c t i o n a l  recovery r e p l a c i n g  t h e  i n i t i a l . v a l u e  f o r  
group NG(L) i n  s e t  NS (T,,) 
LMAX = number of g r o u i  f r a c t i o n a l  r e c o v e r i e s  being over r idden  
(can be zero)  
C .  Number of cards :  LMAX+l 
D.  Terminate reading t h e s e  data: NG(LMAX+l).LT.O 
E. Skip reading  these .  data: One card  wi th  N G ( ~ )  .LT.O 
F. Remarks: 
1. The FR(L) a l s o  se rve  t o  d e f i n e  cont inuous removal rate's f o r  
t h e  WAC command. ( s ee  Sec t s .  .3 .4 .1,  3.5.1,  and 4 .27 ) .  I n i t i a l  
cont inuous removal r a t e s  can be over r idden  i n  t h e  same manner 
a s  t h e  group f r a c t i o n a l  r ecove r i e s .  
3.6 Assignment of Elements t o  F r a c t i o n a l  Recovery Groups 
3 .6 .1  I n i t i a l i z a t i o n  v a l u e s  
The BLOCK DATA subrou t ine  a l s o  a s s i g n s  each of t h e  99 elements  t o  
one of t h e  20-elenient groups d iscussed  i n  Sect .  3.5.  Any number of 
e lements  may be a s s igned  t o  a given group; bu t  an ' i nd iv idua l  element 
can be a member of on ly  one group. The i n i t i a l  membership of t h e  
ORIGEN2 element group i s  given i n  Table 3.3. 
The assignment of e lements  t o  'FR groups can be a l t e r e d  by us ing  t h e  
procedure  descr ibed  beLow. . 
3 . 6 . 2  Overr id ing  i n i t i a l  va lues  
The membership of t h e  d e f a u l t  element group can be  over r iden  by 
us ing  t h e  procedure desc r ibed  below. 
A. Funct ion:  Overr ide  element-group membership assignments suppl ied  
by t h e  BLOCK DATA subrou t ine .  
B. Data sequence: 
NE ( Im) NG ( IMAX) 
where 
NE(I) = one- o r  two.-digit element atomic number (1-99,) on Card 1 
NG(1) = one- o r  two-digi t  element group number (1-20) where element 
NE(1) is t o  be  ass igned  
IMAX = number of element assignments be ing  over r idden  (can be zero)  
Table 3.3. Membership of ORIGEN2 
default element group 
Group Elements in group 
1 All elements except those 








1.0 C f 
11 E s 
. 12 F, C1, Br, I 
13 He, C, N, Ne, Ar, Kr, Xe, Rn 
14 H 
15-20 ~ b r i r  
C. Number of cards: IMAX+l 
D. Terminate reading these data: NE(IMAX+P).LT.O 
E. Skip reading these data: One card with NG(1) .LT.O 
3.7 Elemental Chemical Tcxicities 
The BLOCK DATA subroutine supplies maximum permissible concentrations 
(MPCs) for each of the chemical elements in water. The MPC is used to 
calculate the volume of water required 'to dilute a given amount of an ' 
element to a concentration corresponding to its MPC. The volume of water 
required for each element in a mixture is assumed to yi,el,d the total vol- 
ume of dilution water required.and thus a measure of the chemical toxicity 
of the elemental mixture. These data cannot be altered except by changing 
the values in the BLOCK DATA subroutine and recomp,iling it. 
4.  O R I G E N ~  COMMANDS 
The i n s t r u c t i o n s  def ined  i n  t h i s  s e c t i o n ,  c a l l e d  ORIGEN2 commands, 
enable  t h e  u s e r  t o  p r e c i s e l y  d e f i n e  t h e  o r d e r  i n  which any o r  a l l  of t he  
ORIGEN2 program func t ions  a r e  executed.  This  procedure i s . ana logous  t o  
w r i t i n g  a  FORTRAN program i n  t h a t  t h e  commands d e f i n e  a  s e r i e s  of opera- 
t i o n s  which w i l l  be  performed ~ e q u e n t i a l l y ~ w i t h  t e  seque.nce being 
v a r i a b l e  a t  t h e  u s e r ' s  op t ion .  The use  of t h e  commands t o  d e f i n e  t h e  
ORIGEN2 problem f lowsheet  a i lows  t h e  use  of a  "DO loop" command, which 
executes  a  s e t  of i n s t r u c t i o n s  w i t h i n  t h e  range of t h e  loop a  prescr ibed  
number of t imes.  Coupled wi th  o t h e r  options' ,  t h i s  g ives  t h e  u s e r . t h e  
c a p a b i l i t y  f o r  e a s i l y  i n v e s t i g a t i n 3  f u e l  r e c y c l e  ( e .g . ,  plutonium) and 
nuc lea r  f u e l ' c y c l e  waste  product ion r a t e s  a s  a  func t ion  of t ime. 
The gene ra l  format of t h e  ORIGEN2 commands is  
COM PARM(l), PARM(2.), . . . PARM(1) , 
where COM i s  a keyword de f in ing  t h e  i n s t r u c t i o n  type  and t h e  PARM(1) a r e  
parameters  supplying va r ious  d a t a  necessary  f o r  t h e  execut ion  of t h e  
o p e r a t i o n a l  commands. ~ e t a i l s :  on t h e  d a t a  format a r e  given i n  
Sec t .  2 . 2 .  A l is t  of t he  ORIGEN2 commands and a  b r i e f  d e s c r i p t i o n  
of t h e i r  func t ions  a r e  given i n  Table 4.1. 
Before a t tempt ing  t o  use  OKIGEN2, i t  should be  noted t h a t  t h e r e  a r e  
c e r t a i n  r e s t r i c t i o n s  on t h e  o rde r  i n  which t h e  commands must occur .  The 
primary r e s t r i c t i o n  i s  t h a t  t h e  LIB command (Sec t .  4 - 1 8 ) ,  which r eads  
the  decay and cross-sec t ion  l i b r a r i e s ,  must precede most o t h e r  commands 
s i n c e  i t  d e f i n e s  t h e  l i s t  o f . n u c l i d e s  be ing  considered.  Other r e s t r i c -  
t i o n s  w i l l  be noted when t h e  i n d i v i d u a l  commands a r e  d iscussed .  
Each ORIGEN2 command can be p re sen t  i n  a  s i n g l e  i npu t  s t ream a 
maximum number of t imes;  t h e  l i m i t  depends on the  s p e c i f i c  command. 
This  l i m i t  i s  given i n  t he  s e c t i o n  (below) t h a t  desc r ibes  each i n d i -  
v idua l  command. The l i m i t s  can be changed by vary ing  the  dimensions 
of t h e  app ropr i a t e  a r r a y ( s )  w i th in  t h e  ORIGEN2 source  deck. The l i m i t  
on the  t o t a l  nulr~ber of ORIGEN2 commands t h a t  may be used i s  300, a 
number which can a l s o  be changed by vary ing  a r r a y  dimensions wi th in  
Llle suurce deck. 
Table 4.1. L i s t  of ORIGEN2 commands 
Command 






























Add two v e c t o r s  4.. 1 3  
Case .  b a s i s  4 .3  
Burnup c a l c u l a t i o n  . . 4.14 
Cont inua t ion  .4.28 
Cutoff f r a c t i o n s  f o r  summary t a b l e s  4.9 
Decay 4.23 
DO loop  4 . 1 1  
Terulinatr execu t ion  4.30 
C a l c u l a t e  a m u l t i p l i c a t i o n  f a c t o r  4.4 
Vector  headings 4.7 
Read i n p u t  composi t ion,  cont inuous removal 4.6 
r a t e , a n d  cont inuous  feed  r a t e  
Flux i r r a d i a t i o n  4.21 
S p e c i f i c  power i r r a d i a t i o n  4.22 
Match i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r s  4.10 
L i b r a r y  p r i n t  c o n t r o l  4.18 
L i b r a r y  p r i n t  c o n t r o l  4.16 
Data' l i b r a r y  replacement ca rds  4.20 
Move n u c l i d e  composition from v e c t o r  t o  v e c t o r  4.12 
s p e c i f y  a c t i n i d e  n u c l i d e  ou tput  t a b l e  o p t i o n s  4.26 
Spec i fy  f i s s i o n . p r o d u c t  nuc l ide  'output t a b l e  4.27 
opt  i o n s  
Spec i fy  a c t i v a t i o n  product  ou tput  t a b l e  op t ions  4.25 
P r i n t  c a l c u l a t e d  r e s u l t s  4.5 
Punch a n  ou tpu t  v e c t o r  4.15 
Read photon l i b r a r i e s  4.19 
Reprocess f u e l  . 4.24 
Read comments r ega rd ing  case-  be ing  inpu t  4 . 1  
Loop coun tc r  4 .8  
Case t i t l e  4.2 
Nuclide accumulat ion 4 .17  
4 .1  RDA - Read Comments Regarding Case Being Input  
A. Function: P r i n t s  alphanumeric comments among. t h e  l i s t i n g  :of. t h e  
o p e r a t i o n a l  commands be ing  i n p u t .  
. .  . 




RDA = command keyword .. , . ., 
COMMENT(S)'= alphanumeric message 
. .  . . . . . 
C. Allowable number of RDA commands: Maximum t o t a l  number of commands. 
D.  Propagat ion:  None. 
. . 
E. Remarks: Thesecomments. a r e  p r i n t e d  i n  t h e , l i s t i n g . c r e a t e d  when 
ORIGEN2 is i m t e r p r e t i n g  , t h e  .commands, ,which is  s e p a r a t e  
from t h e  card inpu t  echo descr ibed  i n  Sec t .  2.6. 
4.. 2 TIT - case  T i t l e  . 
. , 
A.  unction: Supplies case  t i t l e  p r i n t e d  i n  O R I G E N ~  outpGt. . . ' 
. . .  
B. Data sequence: 
TIT A(9), . . A(80) 
where . . .  
T I T  = cnmniand keyword . . 
A(1) = alphanumeric c h a r a c t e r s  i n  columns 9-80 only 
C.  Allowable number of TIT commands: 20 
D. 'Propagat ion:  . U n t i l .  changed. . .. : . . .  . . .  .. . . 
E.  Remarks: None, 
. . 
4.3 BAS - Case Bas is  
A. Funct ion:  Supp l i e s  c a s e  b a s i s  p r i n t e d  i n  ORIGEN2' ou tpu t .  
B. Data sequence: 
BAS A(9), . . . A.(80) 
where 
BAS = command keyword 
A(1) = alphanumeric c h a r a c t e r s  i n  columns 9-80 only 
C.  Allowable number o t  k5AS commands: 10 
D. Propagat ion:  . - U n t i l  changed. 
E.  Remarks: The BAS command only  s u p p l i e s  an  alphanumeric message. 
The u s e r  i s  r e s p o n s i b l e  f o r  t h e  cons is tency  of t h e  b a s i s ,  
t h e  i npu t  m a t e r i a l  masses, s p e c i f i c  power, e t c .  
4.4 FAC - Calcu la t e  a ~ u l t i ~ l i c ' a t i o n  Fac tor  
Based on. To ta l  Vector Masses 
Af Funct ion:  C a l c u l a t e s  a m u l t i p l i c a t i o n  f a c t o r ,  FACTOR[NFAC(l) 1, 
based on t h e  t o t a l  a c t i n i d e  p l u s  f i s s i o n  product masses 
i n  one o r  two v e c t o r s  f o r  use  i n  MOV ( see  Sec t .  4.12) o r  
ADD ( see  Sec t .  4.13) commands. 
B. Data sequence: 
FAC NFAC (11, . . . NP'AC('~), KYAC(1) 
where 
FAC = c-ommand keyword 
NFAC(1) = number of f a c t o r  c a l c u l a t e d  by t h i s  command (must 
be g r e a t e r  than  ze ro  and l e s s  than  o r  equal  t o  t h e  
maximum number of FAC commands) 
NFAC(2) = v e c t o r  number 
NFAC(3) = vector number 
NFAC(4) = method for calculating FACTOR[NFAC(l)]: 
= 1 FACTOR[NFAC(l)] = T[NFAC(~)]+T[NFAC(~)] . 
= 2 FACTOR[NFAC(l)] = T[NFAC(2)]=T[NFAC(3)] 
= 3 FACTOR[NFAC~I)] = T[NFAC(2)]*T[NFAC(3)]. 
where the T[NFAC(I)] are the total fiss'ion product 
plus actinide masses for the indicated vectors, 
expressed in kklograms. 
RFAC(~) = constant value to be used in place of the T[NFAC(I)]: 
.GT.O = substitute RFAC(1) for,T[~FAC(2)1 when 
calculating FACTOR[NFAC(l)] 
,EQ.O = use the T[NFAC(I)] as defined 
. . 
.LT.O = substitute [-WAC (I) ] for T[NFAC(3) 1 when 
calculating FACTOR[NFAC(l)] 
The units of RFAC(1) are kilograms. 
C. Allowed number of FAC commands: 20 
D. Propagation: Until another FAC.command with the same value.of. 
NFAC (1) is executed. 
a E.. Remarks: 6ome characteristic reeult~ from t h i ~  command are 
printed on unit 15. 
4.5 OUT - Print Calculated Results 
A. Function: Calls for the calculated results in some or all of the 
output vectors to be printed. 
B. Data sequence: 
OUT NOUT(l), . . . NOUT(4) 
where 
OUT = command keyword 
NOUT(1) = number of v e c t o r s  t d  be p r i n t e d  beginning wi th  t h e  
f i r s t  vec ' tor  : 
.GT.O = output  on . u n i t s  IOUT, J O U T , ' . ~ ~ ~  KOUT (Unit 6)  
.LT.O = outpur on u n i t  11 
NOUT(2) = frequency o f  p r i n t  i f  i n s t r u c t i o n  'is i n  a loop 
(Sec t .  4.11) [ ~ r i n t  occurs  f i r s t  t ime through loop 
. and every  NOUT(2)th r e c y c l e  t he rea f , t e r ]  
. . NOUT(3) = p r i n t  number of p re sen t  r ecyc le :  
.GT.O = yes  
.LE.O = no 
NOUT(4) = parameter  c o n t r o l l i n g  type  of summary t a b l e  p r i n t e d :  
.LT.O = a l l  v e c t o r s  t e s t e d  f o r  i n c l u s i o n  i n  
summary t a b l e  except  v e c t o r  -NOUT(4) 
.EQ.O - a l l  vec to r s  t e s t e d  f o r  Inc lus ion  i n  
sutnrpary table 
.QT;O - v u l y  vrcLvr IJOUT(4) trstt ir l .  ro S ~ P .  if A 
nuc l ide  is included i n  t h e  summary t a b l e  
C.  Allowable number of OUT commands:. 20 
D. propagat ion:  None. 
E.  Remarks: 
1. I f  NOUT(2).NE.l, a REC command must be  employed (Sect .  4 .8 ) .  
4.6 INP - Read Input Composition, Continuous Removal Rate, 
and Continuous Feed Rate 
. . 
A. Function: Calls for nuclide composition, continuous nuclide feed 
rate, or continuous elemental removal rate to be read. 
B. Data sequence: 
INP NINP(1) , . . . NINP (6) 
where 
INP = command keyword ' 
NINP(1) = number of vector in which.initia1 compositions are 
to'be stored 
NINP(2) = read nuclide composition: 
.EQ.O = no 
.EQ.l = yes; units are g/basis unit (read on pi,t. ,5) 
- .  .-. 
.EQ. 2 =. yes; units are g-atoms/basis unit (read on 
unit 5) 
.EQ.-1 = yes; units are g/basis unit (read on unit 4) 
.EQ.-2 = yes; units are g-atoms/basis unit (read on 
unit 4) 
NINP(3) = read continuous.nuclide feed rate: 
.LT.O = no 
'.EQ. 1 .= yes; units are g/ (time) (basis unit) 
.EQ.2 = yes; units are g-atoms/(time)(basis unit) . 
Scc NINP(5) for ~pecifioation of time units. 
N I N P ( 4 )  = read element removal rate per unit time: 
.LT. 0. = no read; no propagation 
.EQ.O = no read, but propagate previously read values 
.GT.O = read NINP(4) dafa pairs (see Sect. 6.3) 
See'NINP(6) for specification of time units. 
NINP(59 = time units of continuous nuclide feed'rate data 
. (see Table 4.2) 
NINP(6) = time units of continuous elemental removal rate data 
(see Table 4.2) 
Table 4.2.  Time u n i t  des igna t ion  
1 = seconds 
2 p minutes 
3 = hours  
4 = days 
5 = yea r s  
6 = s t a b l e  
7 =. lo3 yea r s  (kY) 
0 - lo6 y e a L s  (MY) 
9 = 1.0' yeais (GP) 
C .  Allowable number of INP commands: 15  
D.  Propagat ion ; 1Juue'. 
E. Remarks: User i s  r e spons ib l e  f o r  t h e  cons is tency  of t h e  
c a l c u l a t i o n a l  b a s i s  w i th  t h e  inpu t  masses. 
4.7 HED - Vector Headings 
A. Function: Allows a1phanurner.i~ v e c t o r  headings t o  be s p e c i f i e d .  
B.  ~ a t a .  sequence: 
HED NHED A.(l), . . . A(lO), 
where 
HED = command keyword 
NHED = number of vec to r  which i s  t o  be  given heading 
A(I)  = t en-charac te r  alphanumeric heading anyplace on t h e  
card  t o  t h e  r i g h t  'o f .  NHED 
C .  Allowable number of,HED commands: 50 
D. propagat ion:  U n t i l  t h e  v e c t o r  i s  ove rwr i t t en .  
. . 
E. Remarks: 
1. The heading is 'moved wi th  t h e . v e c t o r  when t h e  MOV (Sec t .  14.12) 
and ADD (Sec t .  14.13) commands a r e  used. 
2. I f  a HED command is  t o  be used t o  l a b e l  e i t h e r  a v e c t o r  of 
' 
i npu t  concen t r a t ions  [vec to r  NINP(1) , Sect .  4.61 ' o r  t h e  
, '  
v e c t o t s  r e s u l t i n g  from a 'PRO command [ v e c t o r s  NPRO(2) and 
N P R O ( ~ ) ,  Sec t .  4.241 , t h e  HED command must fol low t h e  INP 
o r  PRO command. 
3 .  I f  A(1) i s  an  apostrophe o r  a s t e r i s k  (*), t h e  t e n  c h a r a c t e r s  
immediately fol lowing A(1) a r e  taken a s  t h e  vec to r  heading. 
This  a l lows  f o r  t he  i n c l u s i o n  of l ead ing  blanks.  
34 
4 .8  REC - Loop Counter 
A .  Funct ion:  Counts t h e  number of t imes t h a t  a  loop (DOL command, 
. . 
Sec t .  ' 14  :11) has  been executed.  
B.. Data sequence: 
REC 
where 
REC = command keyword 
C .  Allowable number of REC conuoarlds: 1 
D. Propagat inn:  ,Nonp:. 
E.  Remarks: 
1. Th i s  counter  i s  ou tpu t  a s  t h e  ."Recycle !I" i n  ORIGEN2 ou tpu t .  
4.9 CUT - Cutoff F rac t ions  f o r  Summary Tables  
A .  Funct ion:  Overr ide d e f a u l t  c u t o f f  f r a c t i o n s  f o r  summary output  
t a b l e s .  
B. Data sequelice:  
CUT [ N C U T ( ~ ) ,  RCUT (1)  1, . . . [NCUT (NT) , RCUT (NT) I , -1 
where 
CUT, = ope r a t  i o n a l  command . .  . 
NCUT(1) = number of t h e  output  t a b l e  t o  which c u t o f f  f r a c e l o n  
. ,. RCUT.(I) is t o  apply ( see  Table 4 . 3  f o r  t a b l e  numbers . . 
and d e s c r i p t i o n s )  
I ~ c u T ( I )  - new c u t o f f  f r a c t i o n  lor  able niimher NClJT(1) 
NT = t o t a l  number of d e f a u l t  cu to f f  va lues  which a r e  
be ing  over r idden  w i t h  t h i s  CUT command 
C .  Allowable number of CUT commands: 3 
D. Propagat ion  : U n t i l  changed. 
Table 4.3 .  Description of ORIGEN2 output table 
Table 
number Description of table Units 
Isotopic compositian of each element 











Radioactive inhalation hazard 
Radioactive inhalation hazard 
Radioactive ingestion hazard 
Radioactive ingestion hazard 
Chemical. ingestion hazard 
Chemical ingestion hazard 
Neutron absorption rate 
Neutron absorption rate 




















22 Neutron-induced fission .rare IL ac Lluual 
2 3 Radioactivity (alpha) ' Ci 
24  Radioactivity.(alpha) fractional 
2 5 (alpha,n') neutron production neutronslsec 
2 6 Spontaneous fission neutron p'roduction neutrons/sec 
2 7 Photon emission rate photons/sec 
28 Set test parameter ERR - 
E. Remarks: 
. 1. I f  an o u t p u t  v a l u e  f o r  a p a r t i c u l a r  nuc l ide  i s  l e s s  than t h e  
c u t o f f  f r a c t i o n  m u l t i p l i e d  by t h e  t o t a l  t a b l e  va lue  f o r  a l l  
v e c t o r s  be ing  t e s t e d  ( see  Sec t .  4.5 f o r  a d d i t i o n a l  d e t a i l s  on 
which v e c t o r s  a r e  t e s t e d ) ,  then  t h a t  p a r t i c u l a r  nuc l ide  is  
n o t  p r i n t e d .  
2 .  Table number 28 can be used t o  o v e r r i d e  t h e  d e f a u l t  va lue  f o r  
ERR, p r e s e n t l y  s e t  a t  1.OE-25. ERR i s  used i n  l o g i c a l  IF 
s t a t emen t s  i n s t e a d  of .  0  . O .  
3 .  An i n t e g e r  -1 must fo l low RCUT(NT) un le s s  a l l  28 cu to f f  
f r a c t i o n s  a r e  s p e c i f i e d .  
4 .  The d e f a u l t  c u t o f f  f r a c t i o n s  f o r  t h e  f i r s t  26 t a b l e s  ( see  
Table 4 . 3 )  a r e  0.001; f o r  Table 27 t h e  cu to f f  i s  0.01. . 
5. The '[NCUT(I),RCUT(I)] may conrinue onto subsequent cards .  
No o p e r a t i o n a l  command is used on t h e  a d d i t i o n a l  cards .  
6 .  The a p p l i c a t i o n  of t h e  c u t o f f  va lue  t o  photon t a b l e s  is  
somewhat d i f f e r e n t ;  i t  i s  d iscussed  i n  Sec t .  8.2.2. 
k .  10 YKQ - Match I n f i n i t e  M u l t i p l i c a t i o n  Fac to r s  
A .  Funct ion:  Blend m a t e r i a l s  i n  two v e c t o r s  so  t h a t  t h e  r e s u l t i n g  
i n f  &bite  muult ipl icat ion f a c t o r  (IMP) r n ~  trhe-s e h a t  nf 
ano the r  v e c t o r  o r  an inpu t  va lue .  . 
where 
KEQ = command keyword 
NKEQ(1) = v e c t o r  whose IMF i s  t o  be matched by v e c t o r  NKEQ(4) 
N K E Q ( ~ ) '  = v e c t o r  whose m a t e r i a l  i s  t o  be  wholly included i n  t h e  
f i n a l  blended material i n  v e c t o r  NKEQ(4) 
NKEQ(3) = v e c t o r  whose m a t e r i a l  i s  t o  be apport ioned t o  o b t a i n  
t h e  proper  IMF. f o r  v e c t o r  NKEQ(4) 
NKEQ(4) = vec to r  con ' ta ining a l l  m a t e r i a l  i n  vec to r  NKEQ(2) p l u s  
p a r t  of t he  m a t e r i a l  i n  g ~ ~ ( 3 )  and having t h e  same IMF 
a s  e i t h e r  v e c t o r  NKEQ(1) o r  RKEQ(1); t h a t  is ,  
where f i s  t h e  f a c t o r  by which NKEQ(3) must be mul t ip l i ed  
t o  o b t a i n  t h e  c o r r e c t  IMF f o r  NKEQ(~) .  
NKEQ(5.) = v e c t o r  conta in ing  t h e  p o r t i o n  of NKEQ(3) n o t  blended 
i n t o  NKEQ(4) ; t h a t  i s ,  
I f  (1-f) i s  l e s s  ' than zero;.  then  NKEQ(5) i s  s e t  t o  zero .  
RKEQ(1) = d e s i r e d  f & a l  IMF f o r  vec to r  NKEQ(4) i f  RKEQ(1) .GT.O.O. 
I f  K E Q ( ~ ) . L T . O . O ,  t h e  IMF of v e c t o r  NKEQ(4) i s  matched 
t o  t h a t  of v e c t o r  NKEQ(1). I f  RKEQ(1) .EQ.O .O ,  t h e  IMF 
i s ' e q u a l  t o  F@lULV(NREC,l). The RMULV va lues  a r e  s p e c i f i e d  
i n  a d a t a  s t a t e m e n t . i n  M A I N  ( s ee  Sec t .  2 .1 ) ;  t h e  NREC 
parameter i s  descr ibed  i n  Sec t .  4.8.  
C .  Allowable number of KEQ commands: 3 
D. P ropagat ion: .  None. 
E. Remarks: 
1. The equat ion  used t o  c a l c u l a t e  t h e  ,parameter f ,  by which 
vec to r  NKEQ(3) i s . m u l t i p l i e d  be fo re  being combined w i t h  
m a t e r i a l  i n  vec to r  NKEQ(2) and be ing  placed i n  v e c t o r  NKEQ(4) 
io given by 
f = (k2 - kl)*D2/(kl  - kj)*Dj 
where 
k l  = IMF t o  be matched from vec to r  NKEQ(1) o'r RKEQ(1) 
k2 = IbfF of makerial  i n  vec to r  NI(EQ(2) 
k3 = IMF of m a t e r i a l  i n  vector.NKEQ(3) 
D2 = neut ron  abso rp t ion  r a t e  of m a t e r i a l  i n  v e c t o r  
NKEQ(2), n e u t r o n s ' s e c  - 1 
D3  = neutron a b s o r p t i n n  rate of m a t e r i a l  i n  vec to r  
NKEQ(3), neut rons  s ic - '  
2; Some c h a r a c t e r i s t i c  r e s u l t s  from t h i s  command a r e  p r i n t e d  
on u n i t  15 .  
4 .11 DOL - DO Loop 
A .  Functi0.n: A' "DO loop" which executes  t h e  commhnds w i t h i n  its 
range  a p re sc r ibed  number of t imes.  
B. Data sequence: 
DOL NDOL (1) , NDOL (2)  
where 
DOL - command kewosd 
NDOL(1) = number of  the.CON command (Sec t .  4.28) which d e f i n e s  
t h e  range o.f t h i s  DOL. Each DOL must have a unique 
CON a s s o c i a t e d  w i t h  i t .  
NDOL(2) = t h e  t o t a l  number of t imes t h e  i n s t r u c t i o n s  w i t h i n  t h e  
loop  a r e  t o  be executed . 
C. Allowable number of DOL commands: 2 . . 
D., Propagat  ion : None. 
4.12 MOV -Move Nuclide Composition from Vector t o  Vector 
A. Funct ion:  Moves ( i  .e .  , copies)  t h e  n u c l i d e  concent r , t . inn  d a t a  i n  
one v e c t o r  t o  another  v e c t o r , n u c l i d e  by nuc l ide .  
B .  Data sequence: 
where 
MOV = command keyword 
NMOV(1) = number of t h e  vec to r  where t h e  concen t r a t ions  to be  
moved a r e  p r e s e n t l y  s t o r e d  
NMov(2) = number of t h e  v e c t o r  where t h e  concen t r a t ions  i n  
v e c t o r  NMOV(1) a r e  t o  be moved. May be t h e  same 
a s  NMOV(1). 
NMOV(,3) = source of a d d i t i o n a l  m u l t i p l i e r  
.GT.O = number of v a r i a b l e  m u l t i p l i e r  v e c t o r  t h a t  
con ta ins  t h e  a d d i t i o n a l  f a c t o r s  by which, 
v e c t o r  W O V ( ~ )  i s  t o  b e  m u l t i p l i e d  be fo re  
being moved t o  v e c t o r  NMOV(2). The v a r i a b l e  
m u l t i p l i e r s  a r e  i n  a r r a y  RMULV and a r e  i n i t i a l -  
i zed  w i t h  a DATA s ta tement  i n  MAIN.  The 
p a r t i c u l a r  element of RMULV used i s  
where NREC is  t h e  recycle .number (Sect .  4 .8) .  
The t o t a l  m u l t i p l i e r ,  RMULT, is  given by 
RMULT = RMULV[NRECYNMOV(3)]*RMOV(1). 
NREC must be def ined  t o  u se  t h e  v a r i a b l e  
i n u l t i p l i e r  op t ion .  
.EQ.O = no a d d i t i o n a l  m u l t i p l i e r  is  used; t h a t  is ,  
RMULT = R M O V ( ~ ) .  
.LT.O = The a d d i t i o n a l  m u l t i p l i e r  t o  be used w a s  
' 
' prev ious ly  c a l c u l a t e d  by an FAC command 
( see  Sec t .  4.4) and des igna ted  a s  
FACTOR[.NFAC(l)] a t  t h a t  t ime. To use  t h i s  
f a c t o r ,  s e t  NMOV(3) = -NFAC(l); t h e  t o t a l  
m u l t i p l i e r  i s  then  given by 
RMULT = FACTOR[-NMOV(3)]*RMOV(l). 
RMOV(1) = f a c t o r  by which v e c t o r  NMOV(1) i s  t o  be  mul t ip l i ed  
before  being s t o r e d  i n  v e c t o r  NMOV(2). 
C .  Allowable number of MOV commands: 99 
D. ' Propagat ion:  None. 
E. Remarks: 
1. Vector NMOV(2) can b e  zeroed by moving another  v e c t o r  t o  
NMOV(2) w i t h  RMOV(1) = 0.0. 
2. The informat ion  i n  v e c t o r  NMOV(1.) i s  no t  des t royed  by t h e  
MOV command. 
3 .  Vector NMOV(2) w i l l  have t h e  same heading a s  vec to r '  NMOV(~) 
a f t e r  t h e  MOV command has been executed.  
4.13 ADD - Add Two Vectors  
A . .  Funct ion:  Adds t h e  n u c l i d e  concentrat2on d a t a  i n  one v e c t o r  t o  
t h a t  , i n  ano the r  vec tor ,  nuc l ide  by nuc i ide .  
B. Data sequence: 
ADD. N A D D ( ~ ) ,  NADD(2), NADD(31, RADD(1) 
where 
ADD = o p e r a t i o n a l  command 
NADD(1) = number of  t h e  v e c t o r  where t h e  concen t r a t ions  t o  
b e  added are. p r e s e n t l y  s t o r e d  
NADD(~) = number of  t h e  v e c t o r  t o  which t h e  concen t r a t ions  i n  
v e c t o r  NADD(l), a r e  t o  be added 
NADD(3) = source  of a d d i t i o n a l  m u l t i p l i e r  
.GT.O = i f  NADD(3).GT.O, it i s  t h e  number of t h e  
v a r i a b l e  m u l t i p l i e r  vec to r  which con ta ins  
t h e  f a c t o r s  by which vec to r  NADD(1) i s  t o  
be  mul t ip l i ed  be fo re  being added t o  vec to r  
NAnn(3) .  The ~rari,abl,e m ~ ~ l t i p l i a r o  are in 
array RMJLV and arc i n i t i a l i z e d  wi th  a UA'l'A 
s ta tement  i n  MAIN. The p a r t i c u l a r  element 
of RMULV used i s  
where NREC i s  t h e  r e c y c l e  number ( s ee  Sec t .  
4 .8) .  The t o t a l  m u l t i p l i e r ,  RMLTLT, i s  given by 
RMULT = RMULV[NREC,NADD(~)]*RADD(~) 
NREC must b e  de f ined  t o  u se  t h i s  op t ion  ( see  
' Sect .  4 .8 ) .  
.EQ.O = no a d d i t i o n a l  m u l t i p l i e r  used; t h a t  i s ,  
.LT.O = t h e  a d d i t i o n a l  m u l t i p l i e r  t o  be used was 
previous ly .  c a l c u l a t e d  by a  FAC command ( see  
Sec t .  4.4) and des igna ted  as FACTOR[NFAC(l)]. 
To use  t h i s  f a c t o r , s e t  NADD(3) = -NFAC(l); 
t h e  t o t a l  m u l t i p l i e r  i s  then given by . 
RMULT = FACTOR[-NADD(~) ] *RADD (1) 
RADD(1) = f a c t o r  by which vec to r  NADD(1) is  to. be  
m u l t i p l i e d  be fo re  be ing ,added  t o  v e c t o r  
NADD(2) o r  a s  s p e c i f i e d  under NADD(3) above. 
C.  Allowable number of ADD commands: 30 
D.  Propagation: None. 
E .  Remarks: 
1. vec to r  NADD(1) may b e  sub t r ac t ed  from v e c t o r  NADD(2) by s e t t i n g  
RADD(1) = -1.0. (CAUTION: Negative nuc l ide  concen t r a t ions  can 
r e s u l t  i n  f a t a l  e r r o r s . )  
2. The information i n  vec to r  RADD(1) is  -not  a l t e r e d  by. the' ADD 
comma~ld . 
3 .  Vector NADD(2) w i l l  have t h e  same headings a s  v e c t o r  NADD(1) 
a f t e r  t h e  ADD command h a s  been executed.  
4.14 BUP - Burnup Calculation 
A. Function: Defines the basis and calculates the average burnup, 
flux, and specific power for an irradiation. 





BUP = command keyword 
Irradiation = the operational commands ( g ~ n p r a l 1 . y  several IRPE or 
IRFs) that describe the fuel irradiation upon which 
the burnup calculation is to be baked. 
C.. Allowable number of BUP commands: 20 (ten pair). 
D. Propagation: Until superseded by other BUP commands. 
E. Remarks: 
1. A BUP command must appear both before and after the statements 
constituting the fuel irradiation upon which the 'burnup calcu- 
lation is to be based. other commands may be present between 
the BUP statements. 
4.15 PCH - Punch an Output Vector 
.A. Function: Punch a designated output vector in ORIGEN2-readable 
format or write it to a disk file. 
B. Data sequence: 
PCH NPCH(1) , NPCH(2) , NPCH(3) 
where 
PCH = command keyword 
NPCH(1) = control character for light nuclide and structural 
material punch 
NPCH(2). = c o n t r o l  c h a r a c t e r  f o r  a c t i n i d e  nuc l ide  punch 
NPCH(3) = c o n t r o l  cha rac t e r  f o r  f i s s i o n  product nuc l ide  punch . , 
I f  NPCH(1) .EQ.O - no punch 
.GT.O - number o f . o u t p u t  v e c t o r , t o  be punched 
.LT.O - number of s t o r a g e  vec to r  t o  be punched 
C.  Allowable 'number of PCH commands: 54 
D . Propagat ion  : None. . . . I 
. . 
E. Remarks: 
1. Format of punched ou tpu t  i s  [ 2 ~ , 1 2 , 4  (IX) , 1 6 , 2 ~ ,  IPE10.4) ] ; 
s e e  Sec t .  6 . 1  f o r  d e t a i l s .  
2.  Un i t s  of punched output  a r e  g-atoms'.. " . 
. 3 .  The l a s t  record  (card)  w r i t t e n  by each PCH command i s  
0 BURNUP FLUX SPECIFIC POWER. . . , 
The burnup, f l u x ,  and s p e c i f i c  power a r e  ave rage 'va lues .  
produced by t h e  BUP command (Sec t .  4.14) and must be p re sen t  
. . 
f o r  a f i l e  read on u n i t  4 [NINP(2) .LT.O; . s e e  Sec t .  4.61 . 
. . These parameters  a r e  n o t  necessary  f o r  i n p u t  m a t e r i a l  composi- 
t i o n s  read w i t h  NINP(2) :GT. 0.  
4.16 - LIP - Lib ra ry  P r i n t  Control  
A.  Function: Con t ro l s  t h e  p r i n t i n g  of t h e  i n p u t  d a t a  . .  l i b r a r i e s . .  . 
. B. Data sequence: . _ .  .. . ,  . . _  . 
LIP NLIP(1) , NLIP(2) , h 1 ~ ( 3 )  . . .. . .. 
where . . 
LIP = command keyword . . 
NLIP(1) = c o n t r o l  c h a r a c t e r :  f o r  decay l i b r a r y  p r i n t  . .  
NLIP(2) .= c o n t r o l  c h a r a c t e r  f o r ' c r o s s - s e c t i o n  l i b r a r y  p r i n t  
NLIP (3) = c o n t r o l  c h a r a c t e r  f o r  "photon l i b r a r y  p r i n t .  
I f  NLIP(1) .EQ.O - 'no p r i n t  ' 
.GT.O - p r i n t  l i b r a r y  
C. Allowable number of LIP commands: 5 
D. Propagation: Until superseded. 
E. Remarks: None. 
4.17 WAC - Nuclide Accumulation 
A. .Function: Multiplies a concentration vector by a fractional 
recovery vector and stores the result in vector By 
which contains conti~iuous feed rates. 
B. Data sequence: 
. WAC NWAC(l), NWAC(~) 
where 
WAC = command keyword 
NWAC (1) .= number of fractional recovery vector (Sects. 3.4 and 3.5) 
which is to multiply concentration vector NWAC(2). 
Fractional recovery NWAC(1) should contain the removal 
rate of each element from the system in units of sec-' 
(equivalent to the feed rate to the next.system being 
analyzed). 
NWAC(2) = number of concent.ration vector which is to be multiplied 
by fractional recovery vector NWAC(1) 
C. Maximum allowable number of WAC commands: 2 
D . Propagation : None. 
1. This command will enable. the continuous accumulation of waste 
from a reactor with continuous rep.r.ocesslng (e. g., an MSBR) to 
be calculated. The steady-state fuel composition in.vector 
NwAC(2) is multiplied by the appropriate continuous removal. 
rates stored in fractional recovery vector NWAC(1); the rccult 
is subsequently stored in vector B. Then the waste is.decayed, 
w i t h  v e c t o r  B r e p r e s e n t i n g  t h e  cont inuous feed  of waste  t o  
t h e  waste  decay s t e p  from t h e  cont inuous ly  reprocessed,  
s t e a d y - s t a t e  r e a c t o r .  
4.18 LIB - Read Decay and Cross-Section L i b r a r i e s  
A.  Function: Read decay and c ros s - sec t ion  l i b r a r i e s ;  s u b s t i t u t e  
decay and c ros s - sec t ion  c a r d s  a n d . c a r d s  w i th  non- . . 
s tandard  r e a c t i o n s .  
B. Data sequence: 
LIB NLIB(l), . . . NLIB.(11) 
where 
LIB = command keyword 
NLIB(1) = c o n t r o l  c h a r a c t e r  f o r  p r i n t i n g  ma t r ix  of non-zero 
. . 
r e a c t i o n  r a t e s  ( a r r a y  A) f o r  t h e  l i b r a r i e s  r e a d '  ( s ee  
Sec t .  8 .2 .1) .  
I f  NLIB(l).GT;O - p r i n t  
.LE.O - no p r i n t  
-. 
NLIB(2) = i d e n t i f i c a t i o n  number of l i g h t  n u c l i d e  decay l i b r a r y  
t o  be read;  s e e  Table 4.4 . . . .  
NLIB(3) = i d e n t i f i c a t i o n  number ' o f  a c t i n i d e  n u c l i d e  decay l i b r a r y  
t o  b e  read;  s e e  Table 4.4 
NLIB(4) = i d e n t i f . i c a t i o n  number of f i s s i o n  product 'nuc l idb  decay 
l i b r a r y  t o  be r ead ;  see Table 4.4 
NLIB(5) = i d e n t i f i c a t i o n  number of l i g h t  n u c l i d e  c ross -sec t ion  
l i b r a r y  t o  be  r ead ;  s e e  Table 4.4 
NLIB (6)  = i d e n t i r i c a t i o n  number of a c t i n i d e  nuc l ide  cross-sect ion 
l i b r a r y  t o  ,be read; s e e  ~ a b i e  4.4 
NLIB(7) = i d e n t i f i c a t i o n  number of f i s s i o n  product.  nuc l ide  y i e l d  
and c ros s - sec t ion  l i b r a r y  t o  be r ead ;  s e e . T a b l e  4.4 
I f  NLIB(2-7) .EQ.O'- no read  
.GT.O - normal read on uni t .NEIB(8)  
Table 4.4. Numbers of ORIGEN2 data librarces. 
Category of isotope 
Type of library Activation prnd~~rt Actinide Fission product 
[NLIB(Z or 5)]a [NLIB(3 or 6)la [NLIB(4 or 7)la. N L I B ( ~ ~ ) ~  
Decay 1 2 3 - 
Photon 101 102 . 103 
PWR: Z 3  'u-enriched UOz ; 204 . . 205 
33,000 MWd/metric ton 
PWR: Z3'~-enriched UOz in a 
self-generated Pu recycle 
reacLur 
PWR: Pu.-enriched U0, in a 21 11 
self-generated Pu recycle 
reactor 
BUR: 23s~-enriched U02 251 
BWK: ''ku-enr~cnad fuel in a 
self-generated Pu recycle 
rcuclur 
BWR: Pu-enriched f11e1 in il 257 258 . . 259 6 
self-generated Pu recycle 
L'eaCLUL' 
PWR; ThOz-enriched with denatured 
233,, ' 
213 
PWR: Pu-enriched Tho2 216 217 . . 218 ,6 
PWR: 235~-enriched UOz; 
50,000 MWdImetric ton 
PWR: ThOz-enriched with makeup, 222 
denatured 2 3 5 ~  , 
PWR: Thor onrichod with 
recycled, denatured 7 3 3 ~  
LHYUILI llnrlv nrcidc.; l~\11l  1'11/11/11/11 
Cnre 301 
Axial blanket 304 
Radial blanket 307 
LMFBR: Advanced oxide, LWR-Pu/U/U/U 
Core 311 
Axial blanket 314 
Radial blanket 317 
LMFBR: AdvanceZI oxide,-recycle-Pu/U/U/U 
Core 321 322 323 15 
Axial blanket : 324 325 . ' . . 326 16 
Radial blanket 327 328 ' . 329 17 . . 
Thermal: 0.0253-eV cross sections 201 202 203 0 
%efer to Sect. 4.18 for the use of these parameters. 
.LT.O - normal read  on u n i t  NLIB(8) and 
s u b s t i t u t e  ca rd  read on u n i t  
NLIB (9) 
NLIB(8) = number of i n p u t  u n i t  f o r  normal reading  of t h e  bulk 
of t h e  l i b r a r i e s  
NLIB(9) = number of i n p u t  u n i t  f o r  r ead ing  s u b s t i t u t e  ca rds  
NLIB(10) = number of non-standard r e a c t i o n s  t o  be  read 
I f  NLIB(1O) . EQ. 0  - no read 
.GT.O - non-standard r e a c t i o n s  read  on 
u n i t  NLIB (8)  
.LT.O - non-standard r e a c t i o n s  read  on 
. u n i t  NLIB (9)  
NLIB(11) = c o n t r o l  c h a r a c t e r  i d e n t i f y i n g  t h e  s e t  of a c t i n i d e s  w i t h  
d i r e c t  f i s s i o n  product y i e l d s ;  s e e  Table 4.5 
NLIB(12) = c o n t r o l  c h a r a c t e r  i d e n t i f y i n g  t h e  s e t  of v a r i a b l e  
a c t i n i d e  c r o s s  s e c t i o n s  t o  be used; s e e  Table 4.4 
C. Allowable number of LIB commands: 5 
D .  Propagation: U n t i l  another  s e t  of decay l i b r a r i e s  i s  read .  
E. Remarks: 
1. I f  s u h s t i t ~ ~ t e  c a r d s  a r e  t o  be  r ead ,  t h e  LPU command(s) 
(Sec t .  4.20) must precede t h e  LIB command i n  which t h e  c a r d s  
a r e  t o  be r ead .  
2. See Sec t .  5 f o r  l i b r a r y  format d e t a i l s .  
4.19 PHO - Read Photon L i b r a r i e s  
A.  Funct ion:  Read t h e  photon product ion  r a t e  pe r  d i s i n t e g r a t i o n  i n  
1 8  energy groups. 
Table 4.5.. Actinide sets with direct fission product yields 
. .-=-.--- 
NLIB (11) Actinides with direct fission product yields 
B. Data sequence: 
where 
PHO = command keyword 
NPHO(1) = i d e n t i f i c a t i o n  number of a c t i v a t i o n  product photon 
l i b r a r y  t o  be read;  s e e  Table 4.4. 
NPHo('~) = i d e n t i f i c a t i o n  number of a c t i n i d e  n u c l i d e  photon 
l i b r a r y  to' be  read;  s e e  ~ a b i e  4.4 
NPHO(3) = i d e n t i f i c a t i o n  number of f i s s i o n  product  nuc l ide  photon , 
l i b r a r y  t o  b e  read;  s e e  Table 4.4 
I f  NPHO(1-3).LE.O - no read 
.GT.O - read  
NPHO(4) = number of i n p u t  u n i t  on which the .pho ton  l i b r a r i e s  a r e  
t o  b e  read 
C .  Allowable number of PHO commands: 5 
D. Propagat ion:  U n t i l  ano the r  s e t  of photon l i b r a r i e s  i s  read .  
E. Remarks: See Sec t .  5.5 f o r  l i b r a r y  format . d e t a i l s . -  
4.20 LPU - Data Library  ~ e ~ l a c e m e n t  Cards 
A .  Function: Read nuc l ide  i d e n t i f i e r s  f o r  replacement decay and/or  
. c ros s - sec t ion  d a t a ' c a r d s  t o  be read by LIB.command 
(Sec t ,  4 .18) .  . 
B.' Uata sequence: 
LPU N L P U ( ~ ) ,  . . . NLPU(MAX), -1 
where 
LPU = command keyword 
, '  
NLPU(1-MAX) = nuc l ide  i d e n t i f i e . r s  f o r  replacement d a t a  c a r d s  
. . .  
, i n  t he  o rde r  i n  which they  occur i n  t h e  o r i g i n a l  
data l i b r a r y  ' 
MA2C = number of  nuc l ide  i d e n t i f i e r s  t o  be  read f o r  a given 
LPU command; must be .LE.fOO 
C.  Allowable number of LPU ca rds :  9 
D .  Propagat ion:  U n t i l  an0the.r LIB command i s  executed.  
E .  Remarks: 
1. I f  l e s s  than  100 n u c l i d e  i d e n t i f i e r s  a r e  s p e c i f i e d ,  a  -1 
( i n t e g e r )  must appear  a f t e r  t h e  l a s t  i d e n t i f i e r .  
2. A s  many c a r d s  may b e  used a s  a r e  r equ i r ed .  
3 .  The LPU command(s) must precede t h e  LIB connnand i n  which t h e  
replacement d a t a  c a r d s  w i l l  be read .  
4 .  The f i r s t  LPU command i s  a s s o c i a t e d  w i t h  t h e  f i r s t  nega t ive  
c o n t r o l  v a r i a b l e  i n  t h e  NLIB(2-7) s e t  of a o n t r o l  v a r i a b l c c  
(Sec t .  4 .18) .  The second LPU command i s  a s s o c i a t e d  wi th  t h e  
second n e g a t i v e  c o n t r o l  v a r i a b l e  i n  t h e  NLIB(2-7) s e t  of . . 
c o n t r o l  v a r i a b l e s ,  e t c .  
5 .  See S e c t s .  5 . 1  and 5 .2  f o r  l i b r a r y  format d e t a i l s .  
4 .21  IRF - Flux  I r r a d i a t i o n  
A. Funct ion:  I r r a d i a t i o n  f o r  a  s i n g l e  i n t e r v a l  w i th  t h e  neut ron  f l u x  
s p e c i f i e d  . 
. B .  Data sequence: 
IRF RIRF(l),  RIRF(2), NIRF(1). . . . NIRF(4) 
where 
LW = command keyword 
RIRF(1) = t ime a t  which t h i s  i r r a d i a t i o n  i n t e r v a l  ends 
RIRF(2) = i f  RIRF(~).GT.o.O, t h i s  i s  t h e  neut ron  f l u x  dur ing  
- 1 t h i s  i r r a d i a t i o n  i n t e r v a l  i n  neut rons  ~ r n - ~  s e c  . 
I f  RIFR(2).LT.6.6, t h e  neut ron  f l u x  is g iven  by: 
N E W n l J X  = OLDFLUX* [-RIRF ( 2 )  ] 
where 
NEWFLUX '= f l u x  t o  be  used du r ing  t h i s  i n t e r v a l ,  
neut rons  cm-' sec-' 
. :  I . ~. 
OLDFLUX = f l u x  f o r  t h e  same time' per iod  from t h e  
previous  i r r a d i a t i o n ,  neut rons  cm-2 sec - l .  
See remark 2  below. 
NIRF(1) = number of t h e  vec to r  where t h e  m a t e r i a l  composition a t  
t h e  beginning  of t h i s  i r r a d i a t i o n  i n t e r v a l  is  s t o r e d  
NIRF(2) = number of t h e  v e c t o r  where t h e  material composition a t  
t h e  end of t h i s  i r r a d i a t i o n  i n t e r v a l  i s  t o  be s t o r e d  
NIRF(3) = ' t ime u n i t s  of RIRF(1); s e e  Table 4.2 
NIRF(4). = s p e c i f i c a t i o n  of t ime a t  which t h i s  i r r a d i a t i o n  i n t e r v a l  
begins  : 
0 = s t a r t i n g  time is  t h e  end of t h e  previous  I R F ,  IRP, 
o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 
t i o n  i s  r e t a ined , and  MIRR i s  no t  a l t e r e d .  Used f o r  
cont inuing  i r r a d i a t i o n l d e c a y  on t h e  same output  page. 
1 = s t a r t i n g  time i s  s e t  t o  ze ro .  All r e a c t i v i t y  and 
burnup informat ion  i s  r e t a ined , and  MIRR i s  s e t  t o  
zero .  Used f o r  beginning a  new i r r a d i a t i o n  on t h e  
same output  page. 
2 = s t a r t i n g  time is  s e t  t o  zero .  A l l  r e a c t i v i t y  and 
burnup ' information and MIRR a r e  set t o  zero .  Used 
t o  begin a new i r r a d i a t i o n l d e c a ~  on a new output  page. 
3 = same a s  NI.RF(4) = 0 except  t h a t  t h e  f i r s t  seven ' l i n e s  
of t h e  i r r a d i a t i o n  informat ion  a r e  s e t  t o  zero.  
Used f o r  cont inuing  i r r a d i a t i o n  t o  a  new output  
page. 
4 = same a s  NIm(4) = 1 except  t h a t  t h e  f i r s t  seven l i n e s  
of t h e  r e a c t i v i t y  and burnup informat ion  a r e  s e t  t o  
zero .  Used t o  begin t h e  decay fo l lowing  i r r a d i a t i o n  
on a  new output  page wh i l e  r e t a i n i n g  t h e  average 
i r r a d i a t i o n  parameters .  
C. Allowable number of IRF commands: See remark 1 below. 
D. Propagat ion:  .None. 
E. Remarks 
1. The t o t a l  number o f  IRF + IRP + DEC commands must be .LE.150. 
2. For t h i s  o p t i o n  t o  b e  used,  t h e  t ime s t e p s  f o r  t h e  c u r r e n t  
i r r a d i a t i o n  and decay sequence must correspond e x a c t l y  t o  
t hose  i n  t h e  p rev ious  sequence. The s c a l e  f a c t o r s  [-RIRF(2)l 
from p rev ious  i r r a d i a t i o n s  - do propagate .  
3.  . The " r e a c t i v i t y  and burnup information" r e f e r r e d  t o  i n  NIRF(4) 
c o n s i s t s  of s e v e n  l i n e s  of d a t a  c h a r a c t e r i g t i c  of  an i n d i v i d u a l  . 
v e c t o r  (e .g .  t ime,  i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r ,  neutron f l u x )  
and t h r c e  l i n e s  con ta in ing  i r r a d i a t i o n  parameters  (e:g., bur~lup) 
averaged over  t h e  range of t.he BUP commands (Sec t .  4.14). Also, 
s e e  S e c t .  8 .2.2.  
4 .  I n t e r n a l  ORIGEN2 parameters  r e l a t e d  t o  t h e  f l u x / s p e c i f i c  power 
c a l c u l a t i o n s  a r e  p r i n t e d  on u n i t  1 5  ( see  Sec t .  8 .2 .1) .  
4.22 IRP - S p e c i f i c  Power ~ r r a d i a t i o n  
A .  Funct ion:  I r r a d i a t i o n  f o r  a  s i n g l e  i n t e r v a l  w i th  t h e  s p e c i f i c  power 
s p e c i f i e d .  
B. Data sequence: 
IRP R I R P ( ~ ) ,  R I R P ( ~ ) ,  N I R P ( ~ ) ,  . . ' . NIRP(4) 
where 
IRP = command keyword . . 
RIRP(1) = t ime a t  which t h i s  i r r a d i a t i o n  i n t e r v a l  ends 
RIRP(2) = power l e v e l  dur ing  t h i s  i r r a d i a t i o n  i n t e r v a l  
.OT.6 = Kw(t) per  u n i t  of fuel i npu t  
.LT.O = s p e c i f i c  power, M w ( ~ )  per  m e t r i c  ton of 
heavy meta l  
(NOTE: Rnth a c t i n i d e s  and f i s s i o n  products  
must be p re sen t  f o r  t h e  s p e c i f i c  power op t ion  
t o  work c o r r e c t l y . )  
NIRP(1) = number of t h e  v e c t o r  where the  ma te r i a l .  composition at 
t h e  beginning of t h i s  i r r a d i a t i o n  i n t e r v a l  is  s t o r e d  
NIRP(2) = number of t h e  v e c t o r  where t h e  m a t e r i a l  composition a t  
t h e  end of t h i s  i r r a d i a t i o n  i n t e r v a l  i s  t o  be s t o r e d  
NIRP(3) = time u n i t s  of RIRP(1) ; s e e  Table 4.2 . 
NIRP(4) = s p e c i f i c a t i o n  of t h e  time a t  which t h i s  i r r a d i a t i o n  
i n t e r v a l  beg i n s  : 
0 = s t a r t i n g  t ime is  t h e  end of t h e  previous  IRE', IRP, 
o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 
t i o n  i s . r e t a i n e d ,  and MIRR i s  n o t  a l t e r e d .  Used f o r  
cont inuing  i r r a d i a t i o n / d e c a y  on t h e  same output  page. 
1 = s t a r t i n g  time i s  s e t  t o  ze ro .  A l l  r e a c t i v i t y  and 
burnup informat ion  is  r e t a i n e d ,  and M I R R  is  s e t  t o  
zero.  Used f o r  beginning a  new i r r a d i a t i o n  on t h e  
same output  page. 
2  = s t a r t i n g  time is  s e t  t o  zero .  . A l l  r e a c t i v i t y  and 
burnup informat ion  and M I R R  a r e  s e t '  t o  zero .  Used 
t o  begin a  new i r r a d i a t i o n l d e c a y  on a  new page. 
3 = same as.NIRP(4) = 0 except  t h a t  t h e  f i r s t  seven l i n e s  
of t h e  i r r a d i a t i o n  informat ion  a r e  s e t  t o  zero .  Used 
f o r  cont inuing  i r r a d i a t i o n  t o  a  new output  page. 
4 = same as.NIRP(4) = 1 except  t h a t  t h e  f i r s t  seven l i n e s  
of t h e  r e a c t i v i t y  and burnup informat ion  a r e  s e t  t o  
zero .  Used t'o begin t h e  decay fo l lowing  i r r a d i a t i o n  
on a' new output  page whi le  r e t a i n i n g  t h e  average 
i r r a d i a t i o n  parameters .  
C. Allowable number of IRP commands: See remark 1 below. 
D.  Propagation: None. 
E. Remarks: 
1. The t o t a l  number of IRF + IRP + DEC commands must be .LE;150.. 
2 .  The " r e a c t i v i t y  and burnup information" r e f e r r e d  t o  i n  NIRP(4) 
c o n s i s t s  of seven l i n e s  of d a t a  c h a r a c t e r i s t i c  of an i n d i v i d u a l  
v e c t o r  (e .g .  t ime,  i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r ,  neut ron  f l u x )  
and t h r e e  l i n e s  con ta in ing  i r r a d i a t i o n  parameters  (e .g . ,  burnup) 
averaged over  t h e  range  of t h e  BUP commands (Sec t .  4.14).  
3 .  I n t e r n a l  ORIGEN2 parameters  r e l a t e d ' t o  t h e  f l u x / s p e c i f i c  power 
c a l c u l a t i o n s  a r e  p r i n t e d  on u n i t  1 5  ( see  Sec t .  8 .2.1) .  
4 .23 DEC -Decay 
A .  Funct ion:  Decay f o r ' a  s i n g l e  i n t e r v a l .  
B. Data sequence: 
DEC DEC(1). WEC(1). . . . N D E C ( ~ )  
whcrc 
DEC = o p e r a t i o n a l  command 
DEC(I) = t ime a t  which t h i s  decay i n t e r v a l  ends 
NDEC(1) = number of  t h e  vec to r  where t h e  m a t e r i a l  composition a t  
t h e  beginnihg  of t h i s  decay i n t e r v a l  i s  s t o r e d  
N D E C ( ~ )  = number o f .  t h e  v e c t o r  where t h e  m a t e r i a l  composition a t  
, t h e  end of t h i s  decay i n t e r v a l  i s  s t o r e d  
NDEC(3) = time u n i t s  of  UEC(1) ; s e e  'Table 4.2 
NDEC(4) = s p e c i f i c a t i o n  of t h e  time a t  which t h i s  decay i n t e r v a l  
beg lns  : 
0. - startlug , t h e  is .the end of the g r e v i u u s  IRF, I D ,  
o r  DEC i n t e r v a l .  A l l  r e a c t i v i t y  and burnup informa- 
t j o n  i.s . t e ta j .ned ,  an.d. MIRR. i.s not al.tered., Used f o r  
con t inu ing  i r r a d i a t i o n / d e c a y  on t h e  came output  page, 
1 = s t a r t i n g  time i s  se t  t o  ze ro ,  All r e a c t i v i t y  and 
burnup Informat ion  i s  r e t a i n e d ,  and MIRR i s  s e t  t o  
zero .  Used f o r  beginning a  new i r r a d i a t i o n  on t h e  
same ou tpu t  page. 
2  = s t a r t i n g  t i r n e . i s  s e t  t o  zero .  A l l  r e a c t i v i t y  and 
burnup informat ion  and MIRR a r e  set t o  zero .  Used t o  
begin  a new i r f a d i a t i o n / d e c a y  on a new output  page. 
3 =.same a s  NDEC(4) = 0 except  t h a t  t h e  f i r s t  seven l i n e s  
of t h e  r e a c t i v i t y  and burnup informat ion  a r e  s e t  t o  
zero .  Used f o r  con t inu ing  i r r a d i a t i o n  t o  a  new 
output  page; 
4  = same a s  NDEC(4) = 1 except  t h a t  t h e  f i r s t  seven l i n e s  
of t he .  r e a c t i v i t y  and burnup informat ion  a r e  s e t .  t o  
zero .  Used t o  begin the  decay fo l lowing  i r r a d i a t i o n  
on a  new output  page whi le  r e t a i n i n g  t h e . a v e r a g e  
i r r a d i a t i o n  parameters .  
C .  Allowable number .of. DEC commands: See below. 
D.  Propagat ion:  None. 
1. The t o t a l  number of  I R F  + IRP + DEC commands m G s t  be  .LE.150. 
2.  The " r e a c t i v i t y  and burnup information" r e f e r r e d  t o  i n  NDEC(4) 
c o n s i s t s  of seven l i n e s  of d a t a  c h a r a c t e r i s t i c  of an i n d i v i d u a l  
v e c t o r  (e..g. t ime, i n f i n i t e  m u l t i p l i c a t i o n  f a c t o r ,  neut ron  . . f l u x )  
and t h r e e  l i n e s  con ta in ing  i r r a d i a t i o n  parameters  (e.g.., burnup) 
averaged over  t h e  range of t h e  BUP commands (Sec t .  4.14).  
. 4..24 PRO.-Reprocess Fuel  
A. Function: Reprocess f u e l  i n t o  two product  composi t ions.  
B .  Da.ta sequence: 
PRO NPRO(l), . . . NPRO(4) 
where 
NPRO(1) = number of t h e  v e c t o r  where t h e  m a t e r i a l  composition t h a t  
i s  t o  b e  reprocessed  is  s t o r e d  
NPRO(2) = number of t h e  v e c t o r  where t h e  m a t e r i a l  t h a t  is  recovered 
i s  to b e  s t o r e d .  The amount of an i s o t o p e  of element NE 
recovered i s  given by: 
[Mass of i so tope  NE] If(NPRO(4) 1 
The f . r a c t i o n  f[NPR0(4)] is t h e  f r a c t i o n a l  recovery 
of element NE s p e c i f i e d  by v a r i a b l e  NRPO(4) below. 
See a l s o  S e c t s .  3.4 and 3.5. 
NPRO(3) = number of t h e  v e c t o r  where t h e  m a t e r i a l  n o t  recovered 
is  t o  b e  s t o r e d .  The amount of an i s o t o p e  of element 
NE n o t  recovered is  g iven  by: 
[Mass of i s o t o p e  NE] [1.0 - f(NPRO(4))l. 
NPRo(~) = number of t h e  s e t  of f r a c t i o n a l  r e c o v e r i e s  which is  t o  
be used i n  t h i s  r ep roces s ing  ope ra t ion .  I f  NPR0(4) i ,s  
g r e a t e r  t han  ze ro ,  i n d i v i d u a l  f r a c t i o n a l  r e c o v e r i e s  
(Sec t .  3.4) a r e ' t o  be used.  I f  NPRO(4) i s  l e s s  than 
.zero ,  group f r a c t i o n a l  r e c o v e r i e s  a r e  t o  be used (Sect .  
3 .5) .  
C. Allowable number of PRO commands: 20 
D.  Propagat ion:  None. 
E. Remarks: None. 
4.25 OPTL - Speci fy  Ac t iva t ion  Product ou tpu t  Options 
A. Funcrlon: S p e c i f i e s  which ou tpu t  t a b l e  types  (nuc l ide ,  e lement ,  o r  
summary) a r e  t o  be  p r i n t e d  f o r  t h e  a c t i v a t i o n  products .  
B. Data sequence: 
whcrc 
QPTL = command Iccyword 
NOPTE(1) = c o n t r o l  c11aracLer. irldicacirig which output  t a b l e  types 
a r e  t o  be  p r i n t e d  f o r  t h e  a c t i v a t i o n  products ;  s e e  
Table 4.6 
I = t a b l e  number,; s e e  Tablc 4 . 3  f o r  ou tpu t  t a b l e  I lescxipLion 
C.  ~ l l o w a b l e  number of OPTL commands : 20 
D. Propagat ion:  U n t i l  changed. 
Table 4.6. S p e c i f i c a t i o n  of ou tpu t  t a b l e  types  t o  be  p r i n t e d  
NOPTL ( I )  
NOPTA ( I )  
NOPTF (I) 
Table  type  p r i n t e d  
Nuclide Element Summary 
Yes 





















1. The NOPTL(1) must a l l  be on a s i n g l e  card .  
2. I f  NOPTL(1) i s  l e s s  than 1, only  a  summary grams t a b l e  i s  
p r i n t e d  f o r  n u c l i d e s  ( i n c l u d i n g ' a c t i n i d e s  and f i s s i o n  
products )  u n t i l  new commands ( a f t e r  an STP, Sec t .  4.29) 
- a r e ' r e a d .  
3. Only t h e  f i r s t  24 t a b l e s  i n  Table 4.3 a r e  c o n t r o l l e d  by t h e  
OPTL command. 
4.26 OkYA - Speci fy  Uptions f o r  Ac t in ide  Nuclide Output Tahle 
A. Funct ion:  S p e c i f i e s  which ou tpu t  t a b l e  types  (nuc l ide ,  e lement ,  o r  
summary) a r e  t o  be  p r i n t e d  f o r  t h e  a c t i n i d e  nuc l ides .  
B.  Data sequence: 
OPTA NOPTA(l), . . . NOPTA(24) 
where 
OPTA = command keyword 
NOPTA(1) = c o n t r o l  c h a r a c t e r  i n d i c a t i n g  which output  t a b l e  t ypes  
a r e  t o  be  pr i l i~ec l  f o r  the a c t i n i d e  nuc l ides ;  s e e  Table 4.6 
1'= t a b l e  number; s e e  Table 4.3 f o r  ou tput  t a b l e  d e s c r i p t i o n  
C .  Allowable number of OPTA commands: ' 20 
D. Propagat ion  : U n t i l  changed. 
E.  Remarks: 
1. The NOPTA(1) must a l l  be, on a  s i n g l e  card .  ' 
2. I f  NOPTA(1) i s  l e s s  than 1,' only  a  summary grams t a b l e  i s  
p r i n t e d  f o r  a l l  nuc l ides  ( i nc lud ing  a c t i v a t i o n  and f i s s i o n  -
products )  u n t i l  new commands (a ' f te r  an STP, Sec t .  4.29) 
a r e  read.. 
3.  Only che ffrse 24 t a b l e s  i n  Table 4.3 a r e  c o n t r o l l e d  by t h e  
OPTA command. 
' 4.27 OPTF - S p e c i f y  Opt ions  f o r  F i s s i o n  Produc t  
Nuc l ide  Output Tab le  
A. Func t ion :  . S p e c i f i e s  which t y p e s  of o u t p u t  t a b l e s  ( n u c l i d e ,  e lement ,  
o r  summary) a r e  t o  b e  p r i n t e d  f o r  f i s s i o n  p r o d u c t  n u c l i d e s .  
B.  Data sequence:  
OPTF NOPTF(l), . . . N O P T F ( ~ ~ )  
where . 
OPTF = command keyword 
NOPTF(1) = c o n t r o l  c h a r a c t e r  i n d i c a t i n g  which o u t p u t  t a b l e  t y p e s  
are t o  b e  p r i n t e d  f o r  t h e  f i s s i o n  p r o d u c t  n u c l i d e s ;  
see T a b l e  4 .6  
I = t a b l e  number; see Table  4 .3  f o r  o u t p u t  t a b l e  d e s c r i p t i o n  
C .  Al lowable  number o f  OPTF commands: 20 
D. . P r o p a g a t i o n :  U n t i l  changed. . . 
E.  Remarks: 
1. The NOPTF(1) must a l l  a p p e a r  on a s i n g l e  c a r d .  
2 .  I f  NOPTF(1) i s  less t h a n  1, o n l y  a summary grams t a b l e  i s  
p r i n t e d  f o r  all n u c l i d e s '  ( i n c l u d i n g  a c t i v a t i o n  p r o d u c t s  
and a c t i n i d e s )  u n t i l  new commands ( a f t e r  a n  S'TP, S e c t .  
4.29) are r e a d .  
3 .  Only t h e  f i r s t  24 t a b l e s  i n  Tab le  4 . 3  a r e  c o n t r o l l e d  b y . t h e  
OPTF , command. 
4.28 CON - Cotltinuation 
A .  Funct ion:  Def ines  t h e  ranges of t h e  DOL command (Sec t .  4.11). 
B. Data sequence: 
CON NCON 
where 
CON = command keyword 
NCON = number of t h i s  CON command; must b e  equal  t o  NDOL(1) f o r  
t h e  UUL command which i s  t o  b e  a s s o c i a t e d  w i t h  t h i s  CUN 
command 
C.  Allowable number of CON commands: 2 
D.  Propagat ion:  None. 
E.  Remarks: 
1. There must b e ' o n e ,  and only  one, CON command.for each DOL command. 
2 .  1 f  t h e  DOL command is removed, t h e  corresponding CON command 
must a l s o  b e  removed. 
4.29 STP - Execute Previous Commands and ~ r & c h  
. . 
A .  Funct ion:  Execute t h e  set of commands preceding t h e  STP command. 
Then read  and execute more commands. 
B. Data sequence: 
STP MSTl? 
where 
STP = command keyword 
NSTP = branching  c o n t r o l  c h a r a c t e r :  
1 = read new misce l laneous  i n i t i a l i z a t i o n  d a t a  (Sect .  3) and 
a new ser of coiiiiiiadds (Sece. 4 ) ,  and execuee rhem. 
2 = read a new s e t . o f  commands (Sec t .  4) and execute  them. 
3 = execute  t h e  preceding ' s e t  of commands aga in .  
Addi t iona l  i npu t  d a t a  ( l i b r a r i e s  and i n i t i a l  nuc l ide  
concen t r a t ions )  w i l l  b e  r equ i r ed .  
4 = t e rmina te  execut ion  (same a s  END). 
C.  Allowable number of STP commands: Unlimited. '  
D. Propagat ion:  None. 
E. .Remarks: None. 
4.30 END - Terminate Execution , 
A. Function: Terminate execut ion .  
B. Data sequence: 
END 
where 
END = command' keyword 
C.  Allowable number of END commands: 1 
D . Propagat ion  : None. 
E.  Remarks: None. , . 
5 .  DATA LIBRARIES 
There a r e  t h r e e  s e p a r a t e  and d i s t i n c t  n u c l i d e  l i s ts  i n  ORIGEN2 f o r  
which nuc lea r  d a t a  may be  r equ i r ed :  t h e  a c t i v a t i o n  products ,  t h e  a c t i -  
n i d e s ,  and the  f i s s i o n  products .  The a c t i v a t i o n  products  inc lude  t h e  
low-Z i m p u r i t i e s  and s t r u c t u r a l  m a t e r i a l s .  The a c t i n i d e s  i nc lude  a l l  of 
t h e  heavy i s o t o p e s  (Z.GT.90) p lus  a l l  of t h e i r  decay daughters ,  inc luding  
t h e  f i n a l  s t a b l e  n u c l i d e s .  The f i s s i o n  products  i nc lude  a l l .  n u c l i d e s  - .  
which have a  s i g n i f i c a n t  f i s s i o n  product y i e l d  (efehe'r b ina ry  o r  t e r n a ~ y )  
p l u s  some n u c l i d e s  r e s u l t i n g  from neut ron  c a p t u r e s  of t h e  f i s s i o n  products .  
For each  of t h e s e  t h r e e  segments , there  a r e  t h r e e  d i f f e r e n t  l i b r a r i e s  t h a t  
may b e  read:  a decay d a t a  l i b r a r y  (Sect .  5 . 1 ) ,  a  c ros s - sec t ion  and f i s -  
s i o n  product  y i e l d  ' d a t a  l i b r a r y  (Sec t .  5 .2 ) ,  and a  photon y i e l d  l i b r a r y  . 
( S e c t .  5 .5 ) .  The dec.ay d a t a  l i b r a r y  g i v e s  nuc l ide  h a l f - l i v e s ,  decay 
modes, r ecove rab le  h e a t  energy ,  n a t u r a l  abundances, and t o x i c i t i e s .  
The c ros s - sec t ion  and f i s s i o n  product  y i e l d  l i b r a r y  g i v e s  t h e  c r o s s  
s e c t i o n s  f o r  ( n , ~ ) ,  (n ,2n) ,  (n ,3n) ,  ( n , a ) ,  ( n ,p ) ,  and. ( n , f i s s i o n )  a s  
e f f e c t i v e ,  one-group r e a c t i o n  r a t e s  i n  ba rns  and t h e  f i s s i o n  product  
238 2 a o  y i e l d s  from 2 3 2 ~ h ,  e 3 3 ~ ,  e 3 s ~ ,  U, 
'3'1 1 245Cm, and 255"Cf. 
PU , r u ,  
The photon d a t a  l i b r a r y  g i v e s  t h e  photons per  d i s i n t e g r a t i o n  i n  twelve 
energy  groups f o r  t h e  a c t i v a t i o n  products  and f i s s i o n  products  and i n  
e i g h t e e n  energy groups f o r  t h e  a c t i n i d e s .  
I n  a d d i t i o n  t o  t h e s e  normal d a t a  l i b r a r y  inpu t  f a c i l i t i e s  i n  
ORIGEN2, two a d d i t i o n a l  op t ions  may be. used t o  extend,  u p d a t e , ' o r  
c o r r e c t  t h e s e  l i b r a r i e s .  The f i r s t  of t h e s e  op t ions  (Sect .  5.3) a l lows  
the. u s e r  t o  i n p u t  s u b s t i t u t e  decay d a t a  c a r d s  and s u b s t i t u t e  c ross -  
s e c t i o n  and f i s s i o n  product  y i e l d  d a t a  c a r d s  which o v e r r i d e  t h e  
co r r e spond ing 'da t a  c a r d s  p re sen t  i n  t h e  main l i b r a r i e s .  This  op t ion  
i s  p a r t i c u l a r l y  u s e f u l  as ,an a l t e r n a t i v e  to' r e b u i l d i n g  e n t i r e  d a t a  
l i b r a r i e s  simply t o  change one o r  two i tems.  The.second opt ion  
(Sec t .  5.4) a l lows  t h e  u s e r  t o . i n p u t  any flux-dependent r e a c t i o n  r a t e  
between any two n u c l i d e s .  While t h e  use r  can d u p l i c a t e  t h e  r e a c t i o n  
t y p e s  a v a i l a b l e  i n  ORIGEN2 [ i . e . ,  ( n , ~ ) ,  (n ,2n) ,  (n ,3n) ,  ( .n ,a) ,  ( n ,p ) ,  
( n , f i s s i o n ) ] ,  t h e  op t ion  i s  p r i n c i p a l l y  intended t o  al low f o r  t h e  
i n c l u s i o n  0.f non-standard r e a c t i o n  types  such a s  (n ,d ) ,  ( n , t ) ,  and 
(n,np) .  
. . 
5 . 1  Decay Data L ib ra ry  
The f i r s t  card  of each of t h e  t h r e e  a l lowable  decay d a t a  l i b r a r y  
segments ( a c t i v a t i o n  product ,  a c t i n i d e ,  and f i s s i o n  product)  i s  a  t i t l e  
card con ta in ing  t h e  number of t h e  decay l i b r a r y  segment and t h e  alpha- 
numeric t i t l e  of t h e  segment. Following t h e  t i t l e  ca rd  a r e  t h e  decay 
d a t a  f o r  t h e  n u c l i d e s  i n  a p a r t i c u l a r  l i b r a r y  segment. The decay d a t a  
f o r  each nuc l ide  a r e  s p e c i f i e d  on two s e q u e n t i a l  cards .  A d e s c r i p t i o n  of 
t h e  decay l i b r a r y  convent ions i s  given i n    able 5.1, 
The decay d a t a  l i b r a r y  s e r v e s  o t h e r  v i t a l l y  important  f u n c t i o n s  i n  
t h e  ORIGEN2 code i n  a d d i t i o n  t o  supply ing  decay d a t a .  The nuc l ide  
i d e n t i f i e r s  suppl ied  by t h e  decay l i b r a r i e s  d e f i n e  t h e  t o t a l  l i s t  of 
$11 n u c l i d e s  t h a t  w i l l  b e  considered i n  subsequent ORIGEN2 c a l c u l a t i o n s .  
Thus, i f  a  n u c l i d e  i s  t o  b e  used i n  a  c a l c u l a t i o n ,  i t -  must be p re sen t  i n  
t h e  decay l i b r a r y ,  even i f  on ly  t h e  c ross -sec t ion .  o r  photon informat ion  
i s  r e q u i r e d .  The' decay l i b r a r y  a l s o  'def ines  t h e  nuc l ide '  membership of 
each of t h e  t h r e e  l i b r a r y  segments ( a c t i v a t i o n  product ,  f i s s i o n  product ,  
and a c t i n i d e )  considered by t h e  ORIGENZ code. F i n a l l y ,  t h e  decay l i b r a r y  
d e f i n e s  t h e  o r d e r  i n  which the . .nuc l ides  w i l l  be  p r i n t e d  within.  each 
l i b r a r y  segment dur ing .  t h e  normal ou tpu t .  A s  a r e s u l t  of t h e s e  considera-  
t i o n s ,  t h e  decay l i b r a r y  must b e  inpu t  be fd re  t h e  photon l i b r a r i e s  (PHO, 
. . 
Sec t .  4.19) o r  be fo re  t h e  i n i t i a l  composi t ions ( IN+,  Sec t .  4 .6 ) .  The 
decay l i b r a r y  i s  au toma t i ca l ly  read  b e f o r e  t h e  c ross -sec t ion  l i b r a r y  when 
. . 
when t h e  LIB command (Sect .  4.'18) i s  -invoked. . . 
5.2 Cross-Section and F i s s i o n  Product  Yield Data L ib ra ry  
The f i r s i  ca rd  of 'each of the t h r e e  a l lowable  c ros s - sec t ion  and 
f i s s i o n '  product  y i e l d  d a t a  l i b r a r i e s  ' ( a c t i v a t i o n  'p roduct ,  a c t i n i d e ,  and 
f i s s i o n  product)  i s  a  t i t l e  ca rd  con ta in ing  t h e  number and alphanumeric 
Table 5.1. Descrj.ption of decay l i b r a r y  
A. Data ,sequence : 
F i r s t  card  of  each  l i b r a r y  segment: 
NLB TITLE 
F i r s t  card  f o r  each  nuc l ide :  
' NLB'NUCLID I U  THALF FBX FPEC FPECX FA FIT FSF 
. . 
second card  f o r  each nuc l ide :  
NLB PN QREC ABUND ARCG WRCG 
where 
NLB - t h c  number of t h i o  dccay l i b r a r y  ocgmcnt 
TITLE = a 72-character  alphanumeric segment t i t l e  beginning i n  
column 9 
NUCLID = a s i x - d i g i t  n u c l i d e  i d e n t i f i e r  co.rresponding t o  t h e  
informat ion  on t h e s e  two decay c a r d s  ( see  Sec t .  2.7) 
I U - =  t ime u n i t  des igna t ion  of t h e  h a l f - l i f e  of NUCLID ( see  
Table 4 . 2  f o r  s p e c i f i c a t i o n )  
THALF = the  h a l f - l i f e  of nuc l ide  i n  u n i t s  given by I U  
FBX = the f r a c t i o n  of negatron b e t a  decay t r a n s i t i o n s  t h a t  
r e s u l t s i n  t h e  daughter  nuc l ide  be ing  i n  a r e l a t i v e l y  
' long-l ived e x c i t e d  state 
FPEC = the f r a c t i o n  of  a l l  decay even t s  which t a k e  p l ace  by 
. . p o s i t r o n  emiss ion  o r  e l e c t r o n  c a p t u r e  
FPECX = the f r a c t i o n  0.f p o s i t r o n  and/or  e l e c t r o n  c a p t u r e  decay 
. . even t s  t h a t  cause  t h e  daughter  nuc l ide  t o  be i n  a 
r e l a t i v e l y  long-l ived e x c i t e d  s t a t e  
FA = t he  f r a c t i o n  of  a l l  decay even t s  which t ake  p l ace  by 
. , a lpha  decay - . ' 
FIT = t h e  f r a c t i o n  of aZl t h e  decay even t s  of an e x c i t e d  nuc lea r  
s t a t e  which r e s u l t  i n  t h e  prbduct ion  of t h e  ground s t a t e  of 
' t h e  same n u c l i d e  
FSF = the f r a c t i o n  of  a l l  decay even t s  which t ake  p l ace  by 
spontaneous f i s s i o n  
FN = t h e  f r a c t i o n  of a l l  decay even t s  t h a t  a r e  (be t a  + neutron)  
. .. decays,  (e .  g . ,  " ~ r  decays t o  8 8 ~ r  + b e t a  ,+ neut ron)  
.QREC.= the ayerage ,  t o t a l  r ecove rab le  energy ( i . e . ,  dues n o t  
i nc lude .  n e u t r i n o s )  r e l e a s e d  by each decay event, i n  MeV 
. . .  
Table 5 . 1  (cont inued)  
ABUND = t h e  n a t u r a l l y  occu r r ing  i s o t o p i c  abundance of NUCLID i n  
.atom percent  
ARCG = t he  r a d i o a c t i v i t y  concen t r a t ion  guide (RCG) f o r  cont inuous 
i n h a l a t i o n  of nuc l ide  NUCLID i n  u n r e s t r i c t e d  g reas  a s  given 
. . i n  Table 11, Column 1,. of P a r t  10  o f .  T i t l e  20 of t h e  Code 
of Federal Regulat ions ( t h e  lower of t h e  s o l u b l e  o r  
i n s o l u b l e  va lues  is  used) 
WRCG = t h e  r a d i o a c t i v i t y  concen t r a t  ion guide (RCG) f o r  cont inuous 
i n g e s t i o n  of n u c l i d e  NUCLID i n  u n r e s t r i c t e d  a r e a s  a s  given 
i n  Table 11, Column I1 of P a r t - 1 0  of T i t l e  .20 of t h e  Code 
of Federa l  Regulat ions ( t h e  lower of t h e  s o l u b l e  o r  
i n so lub le  va lues  i s  used) 
B.  Number of c a r d s  per  n u c l i d e  : 2 ' . 
C.  Terminate card scan f o r  nuc l ide  NUCLID: Automatic. 
D. ~ e r m i n a t e  reading  t h i s  decay l i b r a r y  segment: NLB.LT.0, one ca rd . .  
E. .Sk ip  reading  a decay l i b r a r y  segment: Cotitrolled COT LIB command 
. . 
(Sec t .  4 .18) .  
F. Remarks: 
1. ,The f r a c t i o n  of a l l  decay even t s  which t ake  p l ace  by negat ron  
b e t a  decay t o  t h e  ground s t a t e  of t h e  daughter  nuc l ide  i s  given 
by (1.0 - FBX - FPEC - FA - FIT -' FSF - FN) and i s  dk lcu la t ed  
i n t e r n a l l y  i n  ORIGEN2. 
t i t l e  of t h e  l i b r a r y  segment. Following t h e  t i t l e  ca rd  a r e  t h e  c ross -  
s e c t i o n  and , f i s s i o n  product  y i e l d  d a t a  f o r  t h e  n u c l i d e s  i n  a  p a r t i c u l a r  
l i b r a r y  segment. The c ros s - sec t ion  informat ion  f o r  'a nuc l ide  i s  
s p e c i f i e d  on a  s i n g l e  ca rd  which, i f  r e q u i r e d ,  i s  followed by a ca rd  
c o n t a i n i n g  t h e  f i s s i o n  product  y i e l d  d a t a .  A d e s c r i p t i o n  of t h e  c ross -  
s e c t i o n  a n d . f i s s i o n  product  y i e l d  d a t a  l i b r a r y  convent ions i s  given i n  
Table 5.2.  The c r o s s  s e c t i o n s  used by ORIGENZ a r e  e f f e c t i v e  one-group 
c r o s s  s e c t i o n s  which, when m u l t i p l i e d  by t h e  f l u x  c a l c u l a t e d  by o r  i npu t  
to..ORIGEN2, r e s u l t  i n  t h e  c o r r e c t  r e a c t i o n  r a t e .  The f i f t h  and s i x t h  
paraiileters on t h e  c ros s - sec t ion  ca rd  have a  dua l  meaning, depending on 
which l i b r a r y  segment i s  be ing  read .  I f  t h e  a c t i n i d e  segment i s  be ing  
r e a d ,  t hen  t h e  f i f t h  and s i x t h  parameters  a r e  t h e  (n,3n) and ( n , f i s s i o n )  
c r o s s  s e c t i o n s  r e s p e c t i v e l y .  I f  e i t h e r  t h e  a c t i v a t i o n  product o r  f i s s i o n  
product  segments a r e  be ing  r ead ,  t hen  t h e  f i f t h  and s i x t h  parameters  a r e  
t h e  ( n , ~ )  and (n ,p)  c r o s s  s e c t i o n s  r e s p e c t i v e l y .  The f i s s i o n  product 
y i e l d  ca rd  ,, which is  only i n  t h e  f i s s i o n  product  c ros s - sec t ion  
segment, s p e c i f i e s  t h e  y i e l d  of each  nuc l ide  per  f i s s i o n  from each of 
e i g h t  f  i s s i o n i n g  s p e c i e s :  2 3 2 ~ h ,  2 3 3 *  Y 23su Y 2 3 0 u  , 239pu,  2 4 1 ~ u ,  2 4 5 ~ m r  
and 2 ~ f .  The y i e l d s  a r e  g e n e r a l l y  from b ina ry  f i s s i o n ,  a l though 
t e r n a r y  f i s s i o n  y i e l d s  have been inc luded  f o r  c e r t a i n  important  low-Z 
n u c l i d e s .  
5 .3  S u b s t i t u t e  Decay, Cross Sec t ion ,  and 
F i s s i o n  Product Yield Data 
S u b s t i t u t e  decay, c ros s - sec t ion ,  and f i s s i o n  product  y i e l d  d a t a  
can b e  read  by. invoking t h e  LPU command (Sec t .  4 .20) .  This  procedure 
is  an  a l t e r n a t i v e  t o  r e b u i l d i n g  an e n t i r e  d a t a  l i b r a r y  j u s t  t o  change 
a few parameters .  It may a l s o  be used f o r  paramet r ic  s t u d i e s  of ou tpu t  
s e n s i t i v i t y  t o  i n p u t  d a t a  changes. T h e ' r u l e s  r ega rd ing  t h e  o r d e r  and 
format  of t h e  s u b s t i t u t e  d a t a  ca rds  a r e  given i n  Table 5 . 3 . .  This op t ion  
is  in tended  f o r  u s e  when t h e  d a t a  l i b r a r i e s  a r e  on a d i r ec t - acces s  device  
o r  on t ape .  S u b s t i t u t e  d a t a  can a l s o  be .used  i f  t h e  l i b r a r i e s  a r e  on 
ca rds ,p rov id ing  t h a t  two d i f f e r e n t  card  i n p u t  u n i t s  a r e  def ined .  
Table 5.2. Description of cross-section and 
fission product yield data library 
A. Data'sequence: 
First card of each' library segment: 
NLB TITLE 
First card for each nuclide: 
NLB NUCL'ID SNG SN2N SN3N or Si'JA 'SNF or SNP SNGX SIJ2NX YYN 
Second card for each nuclide (fission product segment only): 
NLB Y(1), . . . , Y ( 8 )  
where 
NLB = the number of this cross-section and fission product 
yield library segment 
TITLE = a 72-character alphanumeric cross-section and fission 
product yield library segment title beginning in Column 11 
NUCLID = a six-digit nuclide identifier corresponding to the data 
on these one or two cards (see Sect. 2.7) 
SNG = the effective, one-group (n,y) cross section of nuclide 
NUCLID leading to a ground state 
SN2N = the effective, one-group (n,2n) cross section of nuclide 
NUCLID leading to a ground state; actinide segment only 
SN3N = the effective, one-group (n,3n) cross section of nuclide 
NUCLID leading to a ground state; actinide segment only 
SNA = the effective, one-group (n,a) cross section of nuclide 
NUCLID leading to a ground state; activation product and 
fission product segments only 
SNF = the effective, one-group (n,fission) cross section of 
nuclide NUCLID; actinide segment only 
SNP = the effective, one-group (n,p) cross section of nuclide 
NUCLID leading to a ground state; activation product and 
fission product segments only 
SNGX = the effective, one-group (n,~) cross section of nuclide 
NUCLID leading to an excited state of the daughter 
SN2NX =the effective, one-group (n,2n) cross section of nuclide 
NUCLID leading to an excited state of the daughter 
YYN = a control character indicating whether or not a fission 
yi.el.d card follows: 
YYN.GT.O.0 = fission yield card follows 
YYN.LT.O.0 = no fission yield card follows 
Tablc 5.2 (cont inued)  
Y ( I )  = f i s s i o n  y i e l d  of n u c l i d e  NUCLID from v a r i o u s  f i s s i l e  
spec i e s ,  i n  pe rcen t  









B. Number of c a r d s  p e r  nuc l ide :  2  
C .  Terminate c a r d  scan  f o r  nuc l ide  NUCLID: Automatic. 
D.  Terminate r ead ing  t h i s  c ross -sec t ion  and f i s s i o n  product . y i e l d  
l i b r a r y  segment: NLB.LT.0, one card.  
E. Skip r ead ing  t h i s  c ros s - sec t ion  and f i s s i o n  product  y i e l d  l i b r a r y  
segment: Con t ro l l ed  by LIB command (Sec t .  4.18).  
F. Remarks: None. 
Table ' 5.3. Descr ip t ion  of  s u b s t i t u t e  decay, c ros s - sec t ion ,  
and fks s ion  product y i e l d  d a t a  
- -  
Data sequence_ 
1. S u b s t i t u t e  a c t i v a t i o n '  product decay d a t a  
2. S u b s t i t u t e  a c t i n i d e  decay d a t a  
3 .  Subs . t i tu te  f i s s i o n  product  decay d a t a  
4 .  S u b s t i t u t e  a c t i v a t i o n  product c ros s - sec t ion  d a t a  
5.  S u b s t i t u t e  a c t i n i d e  c ros s - sec t ion  d a t a  
6. S u b s t i t u t e  f i s s i o n  product c ros s - sec t ion  and y i e l d  d a t a  
Format 
The s u b s t i t u t e  d a t a  ca rds  a r e  f r e e  format,and the  o rde r  of t h e  
d a t a  i s  a s  descr ibed  i n  Tables  5 .1  and 5.2.  
Remarks 
1. The LPU command (Sec t .  4.20) used t o  i d e n t i f y  t h e  n u c l i d e s  
f o r  which s u b s t i t u t e  d a t a a r e  t o  be read must -appear  be fo re  
t h e  L I B  command ( s e c t .  4.18) i n  which t h e  b u l k . o f ' t h e  l i b r a r y  
i s  r ead .  
2. The n u c l i d e s  i n  each of s u b s t i t u t e  card groups 1 through 6 
above must b e  p re sen t  i n '  t h e  i npu t  . s t r e a m ' i n  t h e  same o rde r  
i n  which they  a r e  encountered whi le  reading  t h e  o r i g i n a l  
decay l i b r a r i e s .  
3.  A f i s s i o n  product y i e l d  card can never appear a lone  and must 
always fo l low a . c r o s s - s e c t i o n  card  f o r  t h e  same nuc l ide .  
5.4 S p e c i f i c a t i o n  of Non-Standard ,   lux-~e~endent React ions 
Th i s  op t ion  a l lows  t h e  u s e r  t o  s p e c i f y  flux-dependent ( i . e . ,  c ross -  
s e c t i o n )  r e a c t i o n s  t h a t  cannot  be accounted f o r  by us ing  one of t h e  s tandard 
ORIGEN2 r e a c t i o n  types  [ v i z . ,  ( n , ~ ) ,  (n ,p ) ,  (n,a), (n,Zn),  (n ,3n) ,  
( n , f i s s i o n ) ] .  The format of  t h e s e  non-standard, flux-dependent r e a c t i o n s  
is  desc r ibed  i n  Table 5.4.  The number of non-standard, flux-dependent 
r e a c t i o n s  t o  b e . r e a d  and t h e  i n p u t  u n i t  number on.whhch they  a r e  t o  be  
r ead  a r e  de f ined  by t h e  LIB command i n  Sec t .  4.18. 
5.5 ,Photon Data L i b r a r i e s  
The f i r s t  ca rd  of each  of t h e  t h r e e  p o s s i b l e  photon l i b r a r y  
segments i s  a t i t l e  c a r d  con ta in ing  t h e  number and alphanumeric t i t l e  
of  t h e  photon l i b r a r y  segment. Following t h e  t i t l e  card  a r e  c a r d s  
c o n t a i n i n g  t h e  photon product ion  r a t e s  per  d i s i n t e g r a t i o n  i n  a pre- 
determined energy group s t r u c t u r e  f o r  each nuc l ide .  A d e s c r i p t i o n  of 
t h e  photon l i b r a r y  format  i s  g iven  i n  Table 5.5. The predetermined 
energy  group s t r u c t u r e  is  g iven  i n  Table 5.6. The i n p u t  of t h e  photon 
l i b r a r i e s  is  c o n t r o l l e d  by t h e  PHO o p e r a t i o n a l  command (Sec t .  4.19).  
Table 5.4.  Desc r ip t ion  of non-standard, 
flux-dependent r e a c t i o n  d a t a  
Data sequence -------- 
NPAR NDAUG RATE 
where 
NPAR = t he  s i x - d i g i t  n u c l i d e  i d e n t i f i e r  ( s ee  Sec t .  2.7)  of t h e  
parent  o r  precu'rsor nuc l ide  
NDAUG = t h e  s i x - d i g i t  nuc l ide  i d e n t i f i e r  ( s ee  Sec t .  2 . 7 )  of t h e  
daughter  nuc l ide  
RATE = t h e  c r o s s  s e c t i o n  f o r  t h e  £ormation of n u c l i d e  NDAUG from 
nuc l ide  NPAR i n  u n i t s  of barns  
Formats 
One r eac t ion .  per  card .  
Remarks 
1. The number of non-standard, flux-dependent r e a c t i o n  c a r d s  t o  
. . be i n p u t  and t h e  u n i t  number upon which they  a r e  t o  be read  
a r e '  s p e c i f i e d  us ing  t h e  L I B  command (Sect.  4.18) . 
Table 5.5. Desc r ip t ion  of photon'  l i b r a r y  
A. Data sequence: 
F i r s t  ca rd  of each  l i b r a r y  segment: 
NLB TITLE . 
F i r s t  card  f o r  each  nuc l ide :  
NLB NUCLID NGP ( I ) ,  R P H ( ~ ) ,  . . . NGP (1) , .RPH(I) 
. . 
subsequent  ca rd  ( s )  f o r  each nuc l ide :  
N G P ( I + ~ ) ,  KPH(I+~) ,  . . . NGP(II.IAX), RPH(IMAX), -1 
where 
NT,R 3 r h ~  nlrmbar of t h i ~  photon libr-apy oegment 
TT'I'LE = a 72-character  alphanumeric photon l i b r a r y  segmen.t t i t l e  
beginning  i n  Column 9 
NUCLID = a s i x - d i g i t  n u c l i d e  i d e n t i f i e r  f o r  t he -pho ton  information'  
on t h e  fo l lowing  c a r d ( s )  ( s ee  Sec t .  2.7)  
NGP(1) = t h e  number of  a photon energy group'. Twelve groups a r e  
allowed f o r  t h e . a c t i v a t i o n  products  and f i s s i o n  p toducts ;  
e i g h t e e n  groups a r e  allowed f o r  t h e  a c t i n i d e s .  The energy 
group s t r u c t u r e  i s  given i n  Table 5.6.  . . 
RPH(1) = photon i n t e n s i t y  f o r  energy group NGP(1) i n  photons per  
d i c i n t c g r a t  i o n  
IMAX = t h e  number of NGP(I)/RPH(I) p a i r s  s p e c i f i e d  must be 
. LE. 18  
B. Number of ca rds  per  nucl.ide: One " f i r s t  card" p lus  a s  many 
I t  subsequenl: card(s1" a s  r equ i r ed  f o r  those  n - u c l i d e s  with  non- 
zero NGP(I)/RPH(I) d a t a .  
C .  Terminate card  scan  f o r  nuc l ide  N U C L I D :  NGP(IMAX+l).LT.O i f  
IMAX i s  l e s s  than 18; automatic  otherwise.  
D.  Termina te ' reading  t h i s  photon l i b r a r y  segment: NLB.LT.0- 
E. Skip r ead ing  t h i s  photon l i b r a r y  segment: Cont ro l led  by PHO 
command (Sec t .  4 .19);  
F. Remarks: 
1. Only those  NGP(I)/RPH(I) p a i r s  f o r  which RPH(1) is  non-zero 
need be  s p e c i f i e d .  
Table 5.6.  Photon energy group s t r u c t u r e s  f o r  a c t i v a t i o n  
p r o d u c t s , . , a c t i n i d e s ,  and f i s s i o n  products  
Group enerpy (MeV) 
~ r o u p  Lower boundary Upper boundary Average 
G. SPECIFICATION OF INITIAL MATERIAL COMPOSITIONS, CONTINUOUS 
NUCLIDE FEED RATES, AND CONTINUOUS ELEMENT REMOVAL RATES 
Th i s  s e c t i o n  d e s c r i b e s  t h e  o p t i o n s  a v a i l a b l e  t o  t h e  u s e r  r e l a t i v e  
t o  t h e  s p e c i f i c a t i o n  of t h e  i n i t i a l  m a t e r i a l  composi t ions,  t h e  cont inuous 
n u c l i d e  f eed  rates, and t h e  cont inuous element removal ( reprocess ing)  
rates. The most o f t e n  used op t ion  by f a r  is  t h e  s p e c i f i c a t i o n  of t h e  
i n i t i a l  composi t ion of  some m a t e r i a l  (Sect .  6 .1) .  The' i n i t i a l  composi- 
t i o n  can be s p e c i f i e d  on e i t h e r  a  nuclide-by-nuclide b a s i s  o r  a s  t h e  
amount of a n a t u r a l l y  occu r r ing  element w h i c h , i s  p r e s e n t .  Thc amount of 
a n a t u r a l l y  occu r r ing  element i s  converted t o  a nuclide-by-nuclide b a s i s  
i n t e r n a l l y  u s ing  t h e  n a t u r a l  i s o t o p i c  abundances inpu t  w i th  t h e  decay 
l i b r a r y  (Sec t .  5 .1 ) .  The amounts of i n d i v i d u a l  n u c l i d e s  o r  n a t u r a l l y  
occu r r ing  elements  may be  s p e c i f i e d  as-g-atoms o r  g ,  depending on t h e  
c o n t r o l  c h a r a c t e r s  of t h e  INP command (Sect .  4 .6) .  
The cont inuous n u c l i d e  feed r a t e  opt ion  (Sec t .  6.2) a l lows t h e  
u s e r  t o  s p e c i f y  t h e  cont inuous feed  r a t e  of i n d i v i d u a l  nuc l ides  o r  
n a t u r a l l y  occu r r ing  elements  i n  d n i t s  of g / ( t ime  u n i t )  ( b a s i s  u n i t )  
o r  g-atoms/(time u n i t ) ( b a s i s  u n i t ) . .  Both the  mass u n i t s  and the  time 
u n i t s  a r e  s p e c i f i e d  by us ing  the  INP co'mmand (Sec t .  4 .6) .  This  o p t i o n  
i s  u s e f u l  i n  s imu la t ing  t h e  continuous feed  of nuc l ides  t o  a  f l u i d - f u e l  
r e a c t o r  (e .g . ,  a  MSBR) o r  t o  a  r a d i o a c t i v e  waste  tank.  
The cont inuous  e1emen.t reinoval op t ion  (Sec t .  6 .3)  a l lows  - the use r  
t o  s p e c i f y  t h e  cont inuous  removal r a t e s  of e lements  dur ing  i r r a d i a t i o n  
i n  u n i t s  of  f r a c t i o n l t i m e  u n i t .  The time u n i t s  a r e  s p e c i f i e d  u s i n g ' t h e  
INP command (Sect.. 4 .6 ) .  Th i s  op t ion  is  most u s e f u l  when s imulat ing-  t h e  
cont inuous  r ep roces s ing  which would be  expected t o  occur  dur ing  t h e  
o p e r a t i o n  of a  f l u i d - f u e l  r e a c t o r  such as an MSBR. I f  t h i s  op t ion  i s  t o  
be  used t o  c a l c u l a t e  cont inuous  elernear removal i n  a  s i t u a t i o n  where 
i r r a d i a t i o n  i s  n o t  t a k i n g  p l a c e ,  then  a  ve ry  sma l l  neut ron  f l u x  must 
s t i l l  be  s p e c i f i e d  t o  a l l ow t h e  cont inuous element removal op t ion  t o  be  
used .  
6.1 S p e c i f i c a t i o n  of I n i t i a l  Ma te r i a l  Composition . 
A .  Function:.  Spec i fy  i n i t i a l  .amounts of i n d i v i d u a l  n u c l i d e s  o r  
. . n a t u r a l l y  occu r r ing  elements .  
B. Data sequence: 
where 
. . , . 
NEXT = a  c o n t r o l  c h a r a c t e r  i n d i c a t i n g  f o r  which segment t h e  . . 
in format ion  i s  intended and t h e  type  of information: 
( i . e . ,  n u c l i d e s '  o r  e lements)  
1 = i n d i v i d u a l  a c t i v a t i o n  product  nuc l ides  
2 = i n d i v i d u a l  a c t i n i d e  n u c l i d e s  
3 -= i n d i v i d u a l  f i s s i o n  product  n u c l i d e s  . 
4  = n a t u r a l l y  occurr ing  a c t i v a t i o n  product  elements 
5 = n a t u r a l l y  occu r r ing  a c t i n i d e  elements  
6  = n a t u r a l l y  occ.urr.ing f i s s i o n  product e lements  
NUCLID(1) = t he  s i x - d i g i t  i d e n t i f i e r  f o r  n u c l i d e  o r  element I 
( see  Sec t .  2.7)  
RCOMP(1) = amount of nuc l ide .  o r  element NUCLID(1) i n i t i a l l y  p re sen t .  
The u n i t s  of RCOMP(1) a r e  s p e c i f i e d  wi th  t h e  INP opera- 
t i o n a l  command (Sect .  4.6). 
IMAX = maximum number of NULCID(I)/RCOMP(I) p a i r s  s p e c i f i e d  on 
. . each card must. be .LE.4. 
C .  Terminate card scan:  NUCLID(1MAX + 1 )  = 0 i f  IMAX.LT.4 
D. Terminate reading  i n i t i a l  composition: Card wi th  NEXT =, 0 
E.  Skip reading  i n i t i a l  composition: A l t e r  c o n t r o l  c h a r a c t e r s  of 
p e r t i n e n t  INP command o r  a card w i t h  NEXT = 0. 
F. Remarks: 
1. I f  a , g i v e n  nuc l ide  is s p e c i f i e d  more than  once f o r  a s i n g l e  va lue  
of NEXT, a l l  of  t h e  RCOMF'(1) va lues  f o r  t h a t  nuc l ide  on c a r d s  
' 
having t h a t  nex t  va lue  a r e  added toge the r  t o  form t h e  i n i t i a l  
amount of t h a t  nuc l ide  i n  a p a r t i c u l a r  segment. 
2.  I n i t i a l  composi t ion c a r d s  w i t h  d i f f e r e n t  NEXT v a l u e s  may 
occur  i n  any o r d e r  as long as t h e  NUCLID(1) and RCOMP(1) 
' v a l u e s  on any g i v e n  card  correspond t o  t h e  NEXT va lue  on 
t h a t  c a r d .  
6'.2 S p e c i f i c a t i o n  of continLous Feed Rates  
A. Funct ion:  Read f eed  r a t e s  of i n d i v i d u a l  n u c l i d e s  o r  n a t u r a l l y  
o c c u r r i n g  elements .  
NEXT, NUcLID(I), RRATE(~) ,  . . . NUCLID(IMAX), RRATE(IMAX) 
where 
NEXT = a c o n t r o l  c h a r a c t e r  i n d i c a t i n g  f o r  which segment t h e  
in fo rma t ion  i s  intended and t h e  type  of information:  
1 = i n d i v i d u a l  a c t i v a t i o n  product  nuc l ides  
2 = i n d i v i d u a l  a c t i n i d e  n u c l i d e s  
3 = indiv:i.dual f i s s i o n  ,product  n u c l i d e s  . 
Ir = nati.lral1 y occ1.1rrin.g a c t i v a t i o n  product elements 
5 = n a t u r a l l y  occu r r ing  a c f i n i d e  elements  
6 = n a t l l r a l . 1 ~  occurr ing  f i s s i o n  ,product. e lements  
NUCLID(L) = t h e  s i x - d i g i t '  n u c l i d e  i d e n t i f i e r  f o r  n u c l i d e  o r  
element I ( see  Sect'. 2.7) 
RRATE(1) = t h e . f e e d  r a t e  of nuc l ide  o r  element NUCLID(1). The ' . 
u n i t s  of RRATE(1) a r e  s p e c i f i e d . w i t h  t h e  INP command 
(Sec t .  4 .6) .  
IMAX = maximum number o f .  NUCLID ( I)  /RRATE ( I )  p a i r s  s p e c i f i e d  
on each ca rd ;  IMAX must be .LE.4 
C. Terminate c a r d  scan:  NUCLID(1MAX + 1 )  = 0 i f  I M ~ . L T . ~  
D. Terminate r ead ing  cont inuous  feed  r a t e s :  Card wi th  NEXT = 0 
E. Skip reading  .continuous feed  r a t e s :  A l t e r  c o n t r o l  c h a r a c t e r s  of 
p e r t i n e n t  INP command o r  a ca rd  w i t h  NEXT = 0.  
F. Remarks: 
1. I f  t h e  feed  r a t e  of a g iven  n u c l i d e  i s  s p e c i f i e d  more than  once 
f o r  a s i n g l e  value, of NEXT., a l l  of t h e  RRATE(1) v a l u e s  fo r . ' - t ha t  
nuc l ide  on c a r d s  having t h a t  p a r t i c u l a r  NEXTIvalue a r e  added 
toge the r  t o  form the,  t o t a l  feed  r a t e  f o r  nuc l ide  NUCLID(1). 
2.  Continuous feed  r a t e  c a r d s  w i th  d i f f e r e n t  NEXT v a l u e s  may occur  
i n  any o r d e r  as long a s  t h e  NUCLID(1) and RRATE(I) va lues  on 
any given card  correspond t o  t h e  NEXT va lue  on t h a t  ca rd .  
6 .3  S p e c i f i c a t i o n  of Continuous Reprocessing Rates  
A.  Function: Read cont inuous element removal rates dur ing  i r r a d i a t i o n .  
B.  Data sequence: 
Group 1 (one card  s e t )  
RREM(l), NPROS(l), . . . RREM(M), NPROS(M), . . . 
RREM(MMAX) , NPROS (-1 
Group 2 [MMAX card  s e t s  (M = 1 t o  MMAX)] 
NZ (M, 1 )  , . . . NZ (M,N) , . . . NZ [M,NPROS (M) I 
where 
RREM(M) = t h e  f i r s t - o r d e r  removal' r a t e  of e lements  NZ(M,l) through ' 
NZ[M,NPROS(M)].- The u n i t s  of RREM(M) a r e  s p e c i f i e d  wi th  
t h c  INP command (Sec t .  4 .6 ) .  
NPROS(M) = the  number of e lements  i n  card s e t  M of Group 2; t h a t  i s ,  
t h e  number of e lements  which have a cont inuous removal 
r a t e  equal  t o  RREM(M). 
MMAX = t h e  number of cont inuous r ep roces s ing  r a t e s  t o  be read .  
Also, t h e  number of card  s e t s  i n  Group 2 .  MMAX is  
s p e c i f i e d  a s  NINP(4) u s ing  t h e  INP command (Sec t .  4 .6) .  
NZ(M,N) = t he  two-digit  (e  . g . ,  He = 02) atomic number of an 
element w i th  removal r a t e  RREM(M). 
C .  Terminate c a r d . s c a n :  I m p l i c i t  i n  i npu t  in format ion .  
D,., Terminate r ead ing  cont inuous reprocess ing  , r a t e s :  I m p l i c i t  i n  i n p u t  
in format ion .  
E. Skip r ead ing  cont inuous  r ep roces s ing  rates ' :  A l t e r  c o n t r o l  c h a r a c t e r  
of p e r t i n e n t  INP command. 
F. Remarks: 
1. Continuous element removal w i l l '  occur  only dur ing  i r r a d i a t i o n .  
I f  cont inuous  removal is  d e s i r e d  i n  a s i t u a t i o n  where no neut ron  
f l u x  i s  p r e s e n t ,  u s e  ,the IRF command (Sect .  4.21) w i t h  a very  
s m a l l  f l u x .  
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7. ORIGEN2 INPUT DECK ORGANIZATION 
Sec t ions  7.1 through 7.3 d e s c r i b e  t h e . o r d e r  i n  which t h e  d a t a  
d iscussed  i n  Sec t s .  2 through .6 a r e , o r g a n i z e d  i n  t h e  card  i n p u t  deck. 
Sec t ion  7 .1  d e s c r i b e s  t h e  o r g a n i z a t i o n  of t h e  source and o b j e c t  card  
decks t h a t  comprise t h e  ORIGEN2 code. Sec t ion  7.2 d e s c r i b e s  t h e  
o rgan iza t ion  of t h e  ORIGEN2 ca rd  d a t a  i npu t  deck, assuming t h a t  t h e  
nuc l ide  d a t a  l i b r a r i e s . ( S e c t s .  5 . 1  through 5.3)  a r e  on ca rds .  Sec t ion  7.3 
. is s i m i l a r  t o , S e c t .  7.2,  except  t h a t  t h e  nuc l ide  d a t a  l i b r a r i e s  a r e  
assumed t o . . b e  on t a p e  o r  direct-access-device f i l e s .  
7 .1 ,Source and Object Deck Organizat ion 
This  s e c t i o n  d e s c r i b e s  t h e  o r g a n i z a t i o n  of t h e  ORIGEN2 source  and 
o b j e c t  card  decks.  The.genera1 form of t h e  ORIGEN2 code ca rd  deck i s  
given i n  Table 7.1.  
The recommended mode of ope ra t ion ,  which i s  r e f l e c t e d  i n  Table 7.1, 
is  t o  p l ace  o b j e c t  decks of a l l  ORIGEN2 subrou t ines ,  except  MAIN, on 
e i t h e r  a t ape  o r  a d i r ec t - acces s  device .  During normal o p e r a t i o n  of 
ORIGEN2, MAIN would be recompiled each t ime t h e  code i s  used and would 
be the  only  [FORTRAN subrou t ines ]  p re sen t  i n  t h e  Table 7 .1  i npu t  deck 
scheme. MAIN i s  recompiled t o  f a c i l i t a t e  u se  of t h e  v a r i a b l e  dimensioning 
op t ion .  No [ o b j e c t  d e c k ( s ) ]  would normally b e  p r e s e n t ,  and only  t h e  
INCLUDE HEX ca rd  and t h e  ove r l ay  c a r d s  would b e  used. The [OVERLAY 
s t a t emen t s ]  a r e  n o t  r equ i r ed .  They do, however, cons iderably  reduce 
t h e  s i z e  of t h e  f i n a l  executab le  module. 
A somewhat l e s s  common s i t u a t i o n  occurs  when t h e  u s e r  wishes t o  make 
changes i n  s e l e c t e d  o b j e c t  sub rou t ines  t h a t  have p rev ious ly  been s t o r e d  
on t a p e  o r  a d i r ec t - acces s  device .  I n  t h i s  ca se ,  t h e  r ev i sed  FORTRAN 
and/or  o b j e c t  sub rou t ines  are a i s o  included i n  t h e  card deck i n  t h e  
a p p r o p r i a t e  p l ace ,  a s  i n d i c a t e d  i n  Table 7 .l. The sub rou t ines  on c a r d s  
w i l l  au toma t i ca l ly  be s u b s t i t u t e d  f o r  t hose  on t h e  t ape  o r  d i r ec t - acces s  
dev ice .  
Table 7.1. Source and o b j e c t  deck organization 
Sec t  i on  
where 
Input  deck . Comments descr ibed  
FORTRAN s:ep 
[FORTRAN subrout ine  ( s )  ] M A I N  p l u s  FORTRAN snbrcu:ine(s) 2 .1  
t o  be s u b s t i t u t e d  i o r  s i m i l a r l y  
named sub rou t ines  i n  a prev ious ly  
compiled ve r s ion  of ORIGXN2 t h a t  
i s  s t o r e d  on a d i r ec t - acces s  
device o r  t ape .  
Link-edit  s t e p  
//LKED. HEX DD DSN=ORIGEN2. OBJECT ,DISP=SHR . JCL t o  c a l l  p r ev ious ly  compiled None 
ve r s ion  of ORIGEN2 from d i r e c t -  
a cces s  device  o r  tape; not  used 
i f  t h e  e n t i r e  ORIGD-2 code i s  
p re sen t  on cards .  
/ /LKED. SYSIN DD * 
[OBJECT Deck(s)]  
INCLUDE HEX 
[OVERLAY S t a t m e n t s ]  
Read OBJECT subrout ine  ( 5 :  t o  be 
s u b s t i t u t e d  f o r . t h o s e  i x  t h e  
prev ious ly  compiled ve r s ion  of 
ORIGEN2; s u b s t i t u t e  FORrFAN 
sub rou t ines  compiled above and 
OBJECT sub rou t ines  f o r  tkose i n  
o b j e c t  deck on direct-a.:cess 
device  o r  t ape ;  read  OVIFLAY 
s ta tements  t o  a r range  su 'crout ines  
i n  a space-minimizing o rde r .  
I f  t h e  e n t i r e  ORIGE:;! code i s  
p re sen t  on cards,  th? INCLUDE HEX 
card  i s  omit ted.  
None 
I n  t h e  hope fu l ly  uncommon s i t u a t i o n  where t h e  e n t i r e  ORIGEN2 code 
i s  on cards ,  t he  //LKED.HEX . . . and INCLUDE HEX ca rds  a r e . o m i t t e d .  
7.2 ORIGEN2 Input  Deck Organizat ion - Nuclide Data 
L i b r a r i e s  on Cards 
The o rgan iza t ion  of t h e  ORIGEN2 inpu t  deck, assuming t h a t  t h e  decay, 
c ross -sec t ion ,  f i s s ion-product  y i e l d  and photon d a t a  l i b r a r i e s  a r e  on 
c a r d s ,  is given i n  ~ a b i e  7.2. A summary of t h e  inpu t  deck o rde r  i s  a s  
fo l lows  : 
control. c a rds  d e f i n i n g  inpu t /ou tpu t  un i t s ;  
miscel laneous i n i t i a l i z a t i o n  d a t a  changes; 
ORIGEN2 commands; 
decay d a t a  l i b r a r y ;  
c r o s s - s e c t i o n / f i s s i o n  y i e l d  d a t a  l i b r a r y ;  
photon d a t a  l i b r a r y ;  
i . n i t i a 1  nuc l ide  compositions and cont inuous feed and 
reprocess ing  r a t e s ;  
s u b s t i t u t e  decay, c ros s - sec t ion ,  and f i ss ion-product  
y i e l d  d a t a ;  
non-standard, f.lux-dependent r e a c t i o n s .  
It i s  important t o  no te  t h a t  - a l l  of t h e  nuc l ide  d a t a  l i b r a r i e s  read  wi th  
t h e  T.,IR command (sect . ,  4.18) must be  read on t h e  same inpu t  u n i t .  A 
s i m i l a r  s ta tement  can b e  made about t h e  d a t a  l i b r a r i e s  r ead -  wi th  t h e  PHO 
command (Sec t .  4 - 1 9 ) ,  a l though t h e  u n i t s  def ined  by t h e  L I B  and PHO 
commands may be d i f f e r e n t .  The s u b s t i t u t e  d a t a  and non-standard r e a c t i o n  
d a t a  can be read on a  u n i t  d i f f e r e n t  from t h a t  used by t h e  LIB d a t a  
l i b r a r i e s .  
Tzble 7.2. ' QRIGEN~ input organization when the libraries are on cards 
~-~ - - - -  ~- ~ ~ 
Section (s) 
. . where 
Inpw deck Comments,. ' . described 
Output unit specification . Table 2.3 
//GO.F~04~001 DD DUMMY 1njut compositions on disk or tape 
(Sect. 4.5) 
//GO. FT06F001 DD .SYSOUT=A Principal print unit 
//GO.F~07~001 DD DUMMY Write a material composition 
(Sect. 4.15) 
//G0.~~09~001 DD DUMMY Decay/cross-section library input 
from disk or tape; not -sed in 
thLs case 
//GO. ~T10~001 DL DUMMY photon library input from disk or 
. tape; not used in this csse 
//GO. FTllF001 DE DUMMY Alternate print unit 
Print unit. for unit 6 ta'ble of 
cor!tents 
//GO.F~13~001 DD DUMMY Print unit for unit 11 table of 
coctents 
//~O.~I'15~001 DD DUlNY ' Dekugging information 
//G0.~~16~001 DD DUMMY Variable cross-section informatio.3 
//GO. ~ ~ 5 0 ~ 0 0 1  DD DSN=TE-MP, Temporary space for input read on 
SPACE= (3200, (5D,50) ,RISE)  , unit 5 
DISP=(NEN,PASS),DCB=(RECFM=FB, 
. LRECL=80,BLKSIZE=3200) 




Input deck Comments described 
[Override default ind~vidual 





[Override default eleient group 
members hi^ ] 
- 1 
[ORIGEN2 commands ] 
[Activation product decay data 
library ] 
- 1 
[Actinide decay data library] 
- 1 
Miscellaneous initialization data 
Data need not be present; -1 required 3.4 
Data need not be present; -1 required 3.5 
Data need not be present; -1 required 3.6 
ORIGEN2 commands 
Only commands up to and including 4 
the first STP command (Sect. 4.29) 
or the end command are present here. 
Decay data library 4.18, 5.1 
Some of these libraries (including 
their associated -1) may not be . ' 
present, depending on the parameters 
of the LIB command (Sect. 4.18). 
[~ission product d a t ~  library] 
Table 7.2 (continued) 
Sec t ion  ( s )  
where 
Input  deck Comments descr ibed  
c ros s - sec t ion  d a t a  l i b r a r i e s  4.18, 5.2 
[Act iva t ion  ?roduct c r a s s - sec t ion  Some of t hese  l i b r a r i e s  ( i n c l ~ d i n g  
d a t a  l i b r a r y ] '  ' t h e i r  a s soc i a t ed  -1) m a y  no t  Ee 
- 1 present ,depending on tk pararreters 
.'of t he  LIB command (Sect .  4.18). 
[Act in ide  cr ,oss-sect ion d a t a  
l i b r a r y ]  
- - 
[F i s s ion  product cross-sect ion 
d a t a  l i b r a r y ]  
- 1 
Photon d a t a  l i b r a r i e s  
[Act iva t ion  product p h ~ t o n  d a t a  Some o r  a l l  of t hese  l i - 3 r a r i e s  may 
l i b r a r y ]  no t  be presenb  dependin.~ on t h e  
- 1 parameters of t h e  PHO command 
(Sect .  4.19) and whether i t  i s  present .  
[Act in ide  phc~ton d a t a  Library]  
'- 1 
[F i s s ion  product photon d a t a  
l i b r a r y ]  
- 1 . . 
Table 7.2 (continued) 
Section(s) 
where 
Input deck , . Comments described 
Composition, feed rates, 
and removal rates 
[Initial nuclide. or element mass] 
0 '  
[Continuous nuclide or. element 
feed rates] 
0 
[Continuous element removal rates] 
[Begin inpur. with miscellsneous 
. data above] 
[Begin inpuc with ORIGEN2 
commands above] 
[Begin inpuz with dec~y data 
libraries] 
Branch or stop 
If (NSTP.EQ.l), read new rniscellan- 
eous input data, read &ew ORIGEN2 
commands, and .execute new commands. 
If (NSTP. EQ. 2) , read new ORIGEN2 
commands and execute. ' . 
If (NSTP.EQ.3), execute existing 
ORIGEN2 commands again. 
If ' (NSTP.EQ. 4) or no STP command is 
used, terminate execution. . 
\ 
Table 7 .2  (continued) 
- - ~  - - - -  ~~ - - - -  
S e c t i o n ( ~ )  
where 
Input  deck Comments descr ibed  
S u b s t i t u t e  d a t a  4..18, .4 .20 
[Act iva t ion  p r o i u c t  dezay d a t a ]  Some o r  a l l  of t hese  d a t a  m y  no t  
[Act in ide  decay d a t a ]  
be present ,depending on t h e  
paranieters of the.LIS.  command 
[F i s s ion  product decay d a t a ]  (Sect .  4 .18) .  I f  t he  l i b r a r i e k  
a r e  on ca rds ,  t hese  s u b s t i z u t e s  
[Act iva t ion  product c r t , ~ s s - s e c t i o n  
> - . - - I  can be manually placed i n  :le uaLa J 
appropr i a t e  l i b r a r y ,  e l imina t ing  
[Act in ide  c ros s - sec t ion  da t a ;  t h e  need f o r ,  t h i s  s e c t i o n .  
[F i s s ion  p r o d u c ~  c r o s s  -sect  ion  ' 
d a t a ]  
[Non-standard, flux-dependent Kay n c t  be present,d'epending on 
r e a c t i o n s ]  ~ a r a m e . t e r s  of t h e  L I B  command 
(Sect .  4.18)' 
7.3 O R I G E N ~  Input  Deck Organiza t ion  - Nuclide Data L i b r a r i e s  
on Tape o r  a .Direct-Access Device 
The organiza t5on  of t h e  ORIGEN2 i n p u t  deck, assuming t h a t  t h e  decay, 
cross-sect ion ' ,  f i s s i o n  product  y i e l d , ,  and photon l i b r a r i e s  a r e  on t ape  
. . 
o r  a d i r ec t - acces s  device ,  i s  g iven  i n  Table 7.3. A summary of t h e  
i n p u t  deck o r d e r  i s  a s  fo l lows:  
c o n t r o l  ca rds  . de f in ing  i r iput /output  u n i t s  and d a t a '  
l i b r a r y  f i l e s ;  
miscel laneous i n i t i a l i z a t i o n  d a t a ;  
ORIGEN2 o p e r a t i o n a l  commands ; 
- .  i n i t ' i a l  nuc l ide  compositions and cont inuous feed  
and' reprocess ing  r a t e s ;  - 
s u b s t i t u t e  decay, c ros s - sec t ion ,  and f i s s i o n  product  
. . 
y i e l d  d a t a ;  
non-standard, flux-dependent r e a c t i o n s .  
A s  i n  Sect'.  7..2, i t  i s  important  t o  n o t e  t h a t  all of t h e  nuc l ide  d a t a  
l i b r a r i e s  read  w i t h  t h e  LIB command (Sec t .  4.18) must be  read  on t h e  
same i n p u t  u n i t .  A s i m i l a r  s ta tement  can be made about t h e  d a t a  l i b r a r i e s  
read  w i t h  t h e  PHO command, a l though t h e  u n i t s  de f ined  by t h e  LIB and PHO 
commands,(Sect. 4.19) may b e  d i f f e r e n t .  The s u b s t i t u t e  d a t a  c a r d s  must 
be  read  on a d i f f e r e n t  u n i t  from t h a t  used by t h e  LIB d a t a  l i b r a r i e s .  
Table 7.3. ORIGEN2 input  o r g a n i ~ a t ~ m  vhen t h e  l i b r a r i e s  a r e  on a  d i r ec t - acces s  device  
Sec t ion ( s )  
where 
'Enput deck Comments descr ibed  
Output u n i t  s p e c i f i c a t i o n  Table 2.3 
Input  compositions on d i s k  c r  t ape  
(Sect .  4.5) 
/ / G O .  FTOGFOC 1 DD S\-SOCT=A P r i n c i p a l  p r i n t  u n i t  
/ / l>O.  FT07FOC:l DD DLMMY Write a  m a t e r i a l  composition 
( s e c t  .' 4.15) 
//GO.FTllFOC!l DD DLm Al t e rna t e  p r  int u n i t  
/ /GO.  FT15FOOL DD DLMMY 
//GO.FT16FOOL DD DLMMY 
//GO.FT50F001 DD DSN='IEMP, 
SPACE= (3200, (50,50) , RLSE) , 
DISP=(NEW,?ASS),LCB=(F.ECFM=FB, 
LRECL=80,ELKSIZE=3200) 
P r i n t  u n i t  f o r  u n i t  6 t a b l e  of 
con ten t s  
P r i n t  u n i t  f o r  u n i t  ll t a b l e  of 
con ten t s  
Debugging information 
Var iab le  c r o s s - s z c t i m  information 
Temporary space f o r  i npu t  read  on 
-mit  5 
Decay d a t a  l i b r a r y  
Ac t iva t ion  produ-t,  a c t i n i d e  
and f i s s i o n  p r o d l c t  decay 
l i b r a r i e s  i n  one f i l e  
Tab'le 7 . 3  (con t inued)  . . 
S e c t i o n ( s )  
where 
I n p u t  deck - . Comments d e s c r i b e d  
Cross-sect  ion d a t a '  l i b r a r y  
/ /  DD DSN=ORIGEN2.XSJX,DISP=SHR A c t i v a t i o n  p roduc t ,  a c t i n i d e ,  and 4.18,  5.2 
f i s s i o n  p roduc t  c r o s s - s e c t i o n  
l i b r a r i e s  i n  one f i l e  
Photon d a t a  l i b r a r y  4.19, 5.5 
//GO.FTlOFOOl DD DSN=ORIGEN2.PHOTON, A c t i v a t i o n  p r o d u c t ,  a c t i n i d e ,  and 
DISP=3HR - f i s s i o n  p roduc t  photon d a t a  i n  
one f i l e  
Misce l l aneous  i n i t i a l i z a t i o n  d a t a  
[Over r ide  d e f a u l t  i n d i v i d u a l  
f r a c t i o n a l  r e c o v e r i e s ]  
- 1 
[Over r ide  d e f a u l t  e lemext  group 
f r a c t  i o n a l  r e c o v e r i e s ]  
- 1 
Data need n o t  b e  p r e s e n t ;  -1 ' 3.4 
r e q u i r e d  
Data need n o t  b e  p r e s e n t ;  -1. 3.5 
r e q u i r e d  
[Over r ide  d e f a u l t  element group Data need n o t  be  p r e s e n t ;  -1 




Table 7 . 3  (continued) 
Sect  ion  ( s )  
where 
Ir-put deck Comments descr ibed  
[ORIGEN2 ccmmands] 
[ I n i t i a l  n u c l ~ d e  c r  element mass] 
0 
[Continuous n u c l i i e  o r  e lement . fe2d 
r a t e s ]  
0 
[Continuous e1emer.t removal r a t e s ]  
[Begin i n p c t  v i t h  mis=el laneous 
input  d a t z  above] 
[Begin inpuz v i t h  ORIGEN2 commands 
above] 
[Begin i n p u ~  w i t h  decay da t a  
l i b r a r i e s ]  
. . 
1% 
/,'GO.FT03FO01 DD f 
Only commands.up t o  and inc l cd ing  4.0 
t he  f i r s t  STP command (Sect .  4.29) 
o r  t he  end command are.  p resent  here .  
Composition, feed r a t e s ,  , 
and removal r a t e s  
Branch o r  st- 4.29 
I E  (NSTP . EQ. I ) ,  read n e w  miscel- 
laneous input  d a t a ,  nek- ORIGEN2 
c~mmands , and execute cew commands. 
If (NSTP.EQ.2), read n ~ w  O R I G E N ~  
commands and execute. 
IE (NSTP . EQ. 3 ) ,  e:c&cutx e x i s t i n g  
ORIGEN2 commands again. 
I€ (NSTP . EQ. 4) , o r  no STP command i s  
used, te rmina te  execution. 
Table  7 . 3  (con t inued)  
I n p u t  d e c k  Comments 
S e c t  ion (s) 
where 
d e s c r i b e d  
S u b s t i t u t e  da ta .  
[ A c t i v a t i o n  p roduc t  decay d a t a ]  Some o r  a l l .  of t h e s e  d a t a  may n o t  
[ A c t i n i d e  d e c a y . d a f a ]  
[ F i s s i o n  p roduc t  dezay d a t a ]  
[Act i v a t i o n  p roduc t  c r o s s - s e c t  ion  
d a t a ]  
[ A c t i n i d e  cross-sect . ion d a t a ]  .. 
[ F i s s i o n  p roduc t  c r ~ s s - s e c t i o n  
d a t a ]  
b e  p resen t ,depending  on t h e  
pa ramete rs  of t h e  LIB . c o 6 a n d  
(Sec t .  4.18).  
Non-standard r e a c t i o n s  
 on-st'andard;, f lux-dependent  May n o t  be  p r e s e n t ,  depending on 
r e a c t i o n s ]  ' paramete rs  of t h e  L I B  command 
. . (Sec t .  4.18) 
8. DESCRIPTION OF ORKEN2. INFUT A N D  OUTPUT 
Thi s  s e c t i o n  p r e s e n t s  and d e s c r i b e s  a  s p e c i f i c  ORIGEN2 c a l c u l a t i o n .  
The example c a l c u l a t i o n a l l y  i r r a d i a t e s  f r e s h  3.2%-enriched uranium oxide 
f u e l  and t h e  c l add ing  a s s o c i a t e d  w i t h  t h e  . f u e l ,  r ep roces ses  t h e  f u e l ,  
and then  decays t h e  h igh - l eve l  and c ladding  wastes .  Other i n s t r u c t i o n s  . 
t h a t  do n o t  meaningful ly c o n t r i b u t e  t o  t h e  c a l c u l a t i o n  have been included 
f o r  demonst ra t ion  purposes.  . . 
Sec t ion  8 . 1  d e s c r i b e s  t h e  ORIGEN2 i n p u t  deck t h a t  i s  l i s t e d  i n  
Appendix A. Sec t ion  8.2 c o n t a i n s  a  gene r i c  d e s c r i p t i o n  o f .  ORIGEN2 ou tpu t ,  
which is  neces sa ry  because of t h e  apparent  d i f f i c u l t y  many u s e r s  exper ience  
when t r y i n g  t o  read  ORIGEN2 p r i n t o u t .  Sec t ion  8.3 d e s c r i b e s  r e p r e s e n t a t i v e  
p o r t i o n s  of  t h e  o u t p u t  ( l i s t e d  i n  Appendixes B-F) . r e su l t i ng  from execut ion  
of t h e  inpu t  deck desc r ibed  ' i n  Sec t .  8 ; l .  
8 .  Desc r ip t ion  of  Sample ORIGEN2 Input  
The sample ORIGEN2 i n p u t  deck descr ibed  h e r e  i s  l i s t e d  i n  Table A . l  
of Appendix A. Except f o r  t h e  f i r s t  few c a r d s  (which a r e  d i c t a t e d  by 
l o c a l  computer conventions),  a l l  of t h e  c a r d s  necessary  t o  perform t h e  
s p e c i f i e d  c a l c u l a t i o n s ' a r e  p r e s e n t ,  assuming t h a t  ORIGEN2 e x i s t s  a s  an 
o b j e c t  deck on a d i r e c t - a c c e s s  dev ice  o r  t ape .  In  t h e  d i s c u s s i o n  t o  
fo l low,  s p e c i f i c  c a r d s  i n  t h e  inpu t  deck w i l l  be  r e f e r r e d  t o  by t h e  
c a r d  number g iven  i n  t h e  le f t -hand  column i n  Table A . 1 .  
Cards 1 through 5 ' c a l l  f o r  t h e  ca ta loged  procedure .in which a 
FORTRAN program is compiled (opt imizing compiler) ,  l i nk -ed i t ed ,  and 
executed.  Cards 6 through 89 c o n s t i t u t e  "MAIN" ( s e e .  Sec t .  2.1) ; they 
are t h e  on ly  p a r t s  of ORIGEN2 t h a t  a r e  p re sen t  i n  t h e  FORTRAN language. 
These c a r d s  a r e  a  s p e c i f i c  c a s e  of t h e  general v e r s i o n . o f  MAIN shown i n  
F ig .  2 .1 and correspond t o  case  1 i n  Table 2.2. The most s i g n i f i c a n t  
a s p e c t s  of MAIN a r e  desc r ibed  on t h e  comment c a r d s  contained i n  t h e  , 
l i s t i n g  i n ,  able A. 1. , 
Fol lowing M A I N  on c a r d s  90 through 105 is  a s e r i e s  of job  c o n t r o l  
c a r d s  f o r  ORIGEN2. Cards 91: and 92 p o i n t  t o  t h e  compiled s u b r o u t i n e s  of 
ORIGEN2 ( i . e . ,  t h e  o b j e c t  module),  which r e s i d e  on a  d i r e c t - a c c e s s  d e v i c e  
i n  t h i s  example. Ca.rd 93  p o i n t s  t o  t h e  OVERLAY s t a t e m e n t s ,  which a r e  used 
t o  a r r a n g e  t h e  ORIGEN2 s u b r o u t i n e s  i n  a space-minimizing c o n f i g u r a t i o n .  
The OVERLAY s t a t e m e n t s  a r e  a l s o  s t o r e d  on a  d i r e c t - a c c e s s  d e v i c e  and a r e  
1 i s t e d . i n  Tab le  A.2 of Appendix A. Cards 95 and 96 p o i n t  t o  t h e  decay 
and c r o s s - s e c t i o n / f i s s i o n  p r o d u c t  y i e l d  l i b r a r i e s  t h a t  a r e  s t o r e d  on a  
d i r e c t - a c c e s s  d e v i c e .  The d a t a  s e t s  a r e  c o n c a t e n a t e d  t o  p r e v e n t  ORIGEN2 ' - .  
from e n c o u n t e r i n g  a n  e n d - o f - f i l e  when i t  b e g i n s  t o  r e a d  t h e  c r o s s - s e c t i o n  , 
d a t a .  ORIGEN2 w i l l  c o n t i n u e  i f  t h e  c r o s s - s e c t i o n  d a t a  set is n o t  concat-  
e n a t e d  ( i . e . ,  t h e  c r o s s - s e c t i o n  d a t a  s e t  i s  g i v e n  a s  GO.FT09F'002 DD,  e t c . ) .  
However , . in  t h i s  c a s e ,  a n  e r r o r  message w i l l  b e  p r i n t e d .  Card 97 p o i n t s  
t o  t h e  photon l i b r a r y ,  which i s  s t o r e d  a n  a  d i r e c t - a c c e s s  d e v i c e .  Cards 
98 through 102 and 105  p o i n t  s e v e r a l  ORIGEN2 o u t p u t  u n i t s  t o  t h e  l i n e  
p r i n t e r  ( s e e  S e c t .  2 . 5 ) .  Uni t  6  is  a u t o m a t i c a l l y . . p o i n t e d  t o  t h e  l i n e  
p r i n t e r  by t h e  ORNL o p e r a t i n g  sys tem and must be  i n c l u d e d  e x p l i c i t l y  on 
sys tems  where t h i s  is  n o t  done. Card 94,  which i s  t h e  o u t p u t  u n i t  f o r  t h e  
PCH command, is  p o i n t e d  t o  t h e  c a r d  punch. Cards  103 .and  104 d e f i n e  t h e  
s c r a t c h  d a t a  s e t  t o  which SUBROUTINE LISTIT ( s e e  S e c t .  2.6) w r i t e s  t h e  
i n p u t  d a t a  r e a d  on u n i t  5 w h i l e  t h e y  a r e  a l s o  b e i n g  l i s t e d  o n  u n i t  6.  
Cards 106 th rough  290 c o n s t i t u t e  t h e  i n p u t  t o  ORIGEN2 t h a t  i s  r e a d  
on u n i t  5.  Only t h e  h i g h l i g h t s  of t h e  i n p u t  on u n i t  5  w i l l  b e  d i s c u s s e d  
s i n c e  many of t h e s e  c a r d s  r e s u l t  from s t r a i g h t f o r w a r d  a p p l i c a t i o n  of 
t h e  commands i n  S e c t .  4 .  Cards  107 through 1 1 3  o v e r r i d e  v a r i o u s  of 
t h e  f r a c t i o n a l  r e p r v c e s s i n g  r e c o v e r i e s ,  a s  d e s c r i b e d  i n  s e c t s .  3 .4  through 
3.6.  Cards  125 through 128 a r e  t h e  LPU commands t h a t  i n d i c a t e  t h e  
n u c l i d e s  f o r  which s u b s t i t u t e  d a t a  a r e ' t o  be  p rov ided .  The f i r s t  LPU 
command i s  a s s o c i a t e d  w i t h  t h e  f i r s t . n e g a t i v e  l i b r a r y  i d e n t i f i e r  on t h e ,  
LIB conkand [(card 1 2 9 ) ,  i. e .  , t h e  f i s s i o n  p roduc t  decay l i b r a r y  ( l i b r a r y  
i d e n t i f i e r  = -3 ) l .  The second LPU command is  a s s o c i a t e d  w i t h  t h e  second 
n e g a t i v e  l i b r a r y  i d e n t i f i e r  ( v i z . ,  -21) ,  and s o  f o r t h .  The s u b s t i t u t e  
d a t a  c a r d s  a r e  t o  be  read  on u n i t  3 ,  a s  i n d i c a t e d  on t h e  LIB c a r d .  
~ d d i t i o n a l l ~ ,  t h e  LIB command c a l l s  f o r  two non-s tandard r e a c t i o n s  t o  
be  r e a d  on u n i t  3. Cards 134 through 142 r e a d  v a r i o u s  i n p u t  m a t e r i a l  
compos.i t ions and s t o r e  them i n  s t o r a g e  v e c t o r s .  Cards  1 4 3  th rough  158  
c o n s t i t u t e  t h e  i r r a d i a t i o n  of t h e  o x i d e  f u e l  m a t e r i a l , w i t h  s p e c i f i c  
power b e i n g  s p e c i f i e d ;  Two a s p e c t s  of t h i s  s e c t i o n  shou ld  b e  n o t e d :  
(1)  t h e  u s e  o f  t h e  BUP commands ( c a r d s  146 and 158)  t o  d e f i n e  t h e  s t e p s  i n  
which t h e  c h a r a c t e r i s t i c  burnup i s  t o  b e  de te rmined ;  and (2 )  t h e  u s e  of 
t h e . r i g h t  p o r t i o n  o f  t h e  I R P  commands f o r  comments, which is  p e r m i t t e d  
on  a l l  c a r d s  a f t e r  t h e  l a s t  r e q u i r e d  c h a r a c t e r .  Cards  159 through 162 
o u t p u t  t h e  r e s u l t s  o f  t h e  f u e l  i r r a d i a t i o n .  The OPTn commands r e s u l t  i n  
o n l y  t h e  gram summary t a b l e s  f o r  a l l  t h r e e  o u t p u t  segments ( a c t i v a t i o n  
p r o d u c t s ,  a c t i n i d e s ,  and f i s s i o n  p r o d u c t s )  b e i n g  p r i n t e d  a l o n g  w i t h  a l l  
n u c l i d e  a g g r e g a t i o n s  f o r  t h e  a c t i v a t i o n  p r o d u c t  c u r i e s  t a b l e  ( s e e  
S e c ~ .  8;2 f o r  a more d e t a i l e d  d i s c u s s i o n ) .  Cards  l b b  and l b /  a r e  ' 
s u p e r f l u o u s  f o r  t h e  p u r p o s e s  of t h i s  c a l c u l a t i o n .  They have o n l y  been 
i n c l u d e d  f o r  t h e  purpose  o f  d e s c r i b i n g  t h e  o u t p u t  t h e y  produce on u n i t  15,  
and w i l l  b e  d i s c u s s e d  f u r t h e r  i n  S e c t .  8 . 3 . 4 .  Cards  168 through 186 
i r r a d i a t e  t h e  f u e l  c l a d d i n g  m a t e r i a l  by s p e c i f y i n g  t h e . f l u x  l e v e l ;  . 
however,  s i n c e  t h e  f l u x  is  g iven  a s  --1.0, t h e  f l u x  a c t u a l l y  used i s  
t a k e n  from t h e  a p p r o p r i a t e  s t e p  of t h e  f u e l  . i r r a d i a t i o n  above.  Cards  
,191 th rough  194 w r i t e  s e v e r a l  v d c t o r s  i n  a  format  s u i t a b l e  f o r  i n p u t  t o  
ORIGENZ a t  a  l a te r  d a t e .  Card 195  t e m p o r a r i l y  h a l t s  t h e  r e a d i n g  of t h e  
ORIGEN2 commands and b e g i n s  e x e c u t i o n  of t h o s e  a l r e a d y  r e a d .  The "2" 
i n  t h e  S T Y  command i n d i c a t e s  t h a t  when e x e c u t i o n  o f  t h e  p r e c e d i n g  
commands i s  comple te ,  new commands, 'but n o t  new m i s c e l l a n e o u s  i n i r i a l i -  
z a t i o n  d a t a ,  are t o  b e  r e a d .  Cards  196 through 226 d e f i n e  t h e  i n p u t  
m a t e r i a l  c o m p o s i t i o n s  r e a d  by t h e  INP commands on c a r d s  134 th rough  
142.  Note t h e  u s e  o f  comments on  t h e  r i g h t  p o r t i o n  of t h e  c a r d s  and 
t h e : z e r o e s  ( f i r s t  c h a r a c t e r  on c a r d )  t h a t  t e r m i n a t e  t h e  e x e c u t i o n  of 
e a c h  INP command. Card 227 b e g i n s  t h e  new set of  commands r e q u i r e d  by 
t h e  p r e v i o u s  STP command. Cards 230 th rough  232 a g a i n  r e a d . d e c a y , '  c ross -  
s e c t . i o n / f i s s i o n  p r o d u c t  y i e l d ,  and photon l i b r a r i e s .  No a d d i t i o n a l  j o b  
c o n t r o l  c a r d s . a r e  r e q u i r e d  because  t h e  u n i t s  a r e  rewound a f t e r  t h e  
l i b r a r i e s  have been  r e a d .  C'ards 234 th rough  240 r e p r o c e s s  t h e  f u e l  
t o  g e n e r a t e  t h e  h i g h - l e v e 1 , w a s t e  (HLW) compos i t ion  as w e l l  as t h e  
. . 
compos i t ion  o f  t h e  f u e l  r e s i d u a l  i n  t h e  c l a d d i n g .  Cards  243 th rough  
265 and 266 th rough  288 c o n s t i t u t e  t h e  decay and o u t p u t  of t h e  h i g h - l e v e l  
w a s t e  and c l a d d i n g  was te .  Note t h a t  t h i s  i n f o r m a t i o n  i s  b e i n g  o u t p u t  
on b o t h  u n i t s  6  and 11 by t h e  u s e  of two OUT commands f o r  e a c h  w a s t e .  
Card 289 i n d i c a t e s  t h a t ,  a f t e r  e x e c u t i o n  o f  t h e  p r e v i d u s  commands, t h e  
j o b  i s  completed.  
Cards 291 through 306 c o n t a i n  t h e , u n i t  3  i n p u t  t o  ORIGEN2. Cards  
292 through 300 c o n t a i n  t h e  i n f o r m a t i o n  t o  o v e r r i d e  d a t i  i n  t h e  l i b r a r i e s  
b e i n g  r e a d  from a  d i r e c t - a c c e s s  dev.ice on u n i t  '9  ( s e e  S e c t .  5 . 3 ) ,  and 
t h e i r  p r e s e n c e  i s  r e q u i r e d  by c a r d s  125 th rough  128.  Cards  301 and 302 
c o n t a i n  t h e  two non-standard r e a c t i o n s  ( s e e  S e c t . . 5 . 4 )  r e q u i r e d  by t h e  
f i r s t  LIB command ( c a r d  1 2 9 ) .  Cards  303 th rough  306 c o n t a i n  t h e  s u b s t i -  
t u t e  d a t a , f o r  t h e  second s e t  o f  LPU/LIB commands ( c a r d s  230 and 231) .  
.Note t h a t  o n l y  t h e  decay i n f o r m a t i o n  i s  r e q u i r e d  s i n c e  o n l y  t h e  decay 
l i b r a r i e s  a r e  b e i n g  r e a d .  
8 . 2  ~ e n e r i c  ~ e ' s c r i ~ t i o n  f  ORIGEN2 Output  
P r e v i o u s  e x p e r i e n c e  h a s  shown t h a t  many p e o p l e  have d i f f i c u l t y  i n  
r e a d i n g  ORIGEN o u t p u t  and,  because  of t h e  g r e a t e r  number o f  o u t p u t  
u n i t s  and t a b l e  t y p e s ,  even g r e a t e r  d i f f i c u l t y  w i t h  ORIGEN2 o u t p u t .  
The p r i n c i p a l  problem a p p e a r s  t o  be i n  f i n d i n g  t h e  c o r r e c t  t a b l e  i n  
t h e  g e n e r a l l y  massive  amount o f  o u t p u t  produced by ORIGEN2. T h i s  
s e c t i o n  r e p r e s e n t s  a n  a t t e m p t  t o  a l l e v i a t e  t h e  problem by g i v i n g  a 
g e n e r i c  d e s c r i p t i o n  of t h e  o r g a n i z a t i o n  of ORIGEN2 o u t p u t .  s e c t i o n '  8 . 3  
w i l l  d e s c r i b e  i n  d e t a i l . t h e  sample o u t p u t  i n  Appendix B. 
ORIGEN2 o u t p u t  is  a r r a n g e d  i n  a h i e r a r c h i c a l  form c o n t a i n i n g  f o u r  
, l e v e l s .  ~ h t ~ s ,  the  fi..rst n b j e c t i . v e  i .s  t o  estziblish the o v e r a l l  ( f i r s t -  
l e v e l )  o r g a n i z a t i o n  of t h e  o u t p u t .  T h i s  i s  done i n  S e c t .  8 . 2 . 1 .  Next ,  
i n  S e c t .  8 . 2 . 2 , ' t h e  p r i n c i p a l  component of t h e  f i r s t - l e v e l  o r g a n i z a t i o n ,  
which i s  c a l l e d  a n  "ou tpu t  g roup ing ,"  is  d i s s e c t e d .   ina ally, i n  
S e c t .  8 .2 .3  a  s i n g l e  ORIGEN2 o u t p u t  page i s  ana lyzed .  
8 .2 .1  Overa l l  o r g a n i z a t i o n  of ORIGEN2 output  
The o v e r a l l  o r g a n i z a t i o n  of a  t y p i c a l  ORIGEN2 output  i s  summarized 
i n  Table 8.1.  The o v e r a l l  o rgan iza t ion  con ta ins  t h e  f i r s t  l e v e l  of 
t h e  output '  h i e r a r c h y  and, i n  some c a s e s ,  t h e  second l e v e l .  Most of t h e  
o u t p u t  i n  the. f i r s t  l e v e l '  i s  r e l a t i v e l y  s h o r t ,  w i t h  t h e  except ion  of t h e  
"Output N ,  " which w i l l  b e  d i scussed  l a t e r .  
The card i n p u t  echo i s  simply a  l i s t i n g  of t h e  inpu t  read on t h e  
c a r d  r eade r .  This  f u n c t i o n  i s  c o n t r o l l e d  from MAIN ( s ee  Sec t .  2 .6) ,  and 
t h e  u n i t  numbers can b e  changed r e a d i l y  by changing t h e  c a l l i n g  arguments 
t o  SUBROUTINE LISTIT. 
The l i s t i n g  of t h e  misce l l aneous . inpu t  d a t a ,  t h e  ORIGEN2 commands, 
and the  data l i L ~ d ~ . i e s  IS LU eusurt! char rhe informat ion  read  by U K l G E N 2  
w a s -  rece ived  p rope r ly .  The l i s t i n g  of t h e  most voluminous of t h e s e  t h r e e  
i t e m s ,  t h e  d a t a  l i b r a r i e s ,  can b e  c o n t r o l l e d  by t h e  LIP (Sec t .  4.16) 
command. The d e t a i l s  of t h e s e  d a t a  a r e  conta ined  i n  t h e  s e c t i o n s  
i n d i c a t e d  i n  Table 8 .1  and w i l l  no t  be d iscussed  f u r t h e r  h e r e .  
The ou tpu t  t a b l e s ,  which gene ra l ly  comprise t h e  l a r g e s t  f r a c t i o n  of 
t h e  ORIGEN2 ou tpu t  by f a r ,  w i l l  he  d iscussed  i n  d e t a i l  i n  Sec t .  8.2.2. 
A l l  of t h e  in fo rma t ion  p r i n t e d  on u n i t  6 i s  numbered s e q u e n t i a l l y  
by  page. The t a b l e  of con ten t s  p r i n t e d  on u n i t  1 2  l i s ts  t h e  va r ious  
t y p e s  of in format ion  p r i n t e d  i n  t h e  OKIGEN2 output  and t h e  page where 
each begins .  It is  hoped t h a t  t h i s  device  w i l l  .minimize t h e  amount of 
s e a r c h i n g  r equ i r ed  t o  f i n d  a  p a r t i c u l a r  p i ece  of in format ion  i n  a  l a r g e  
I 
volume of output .  . . 
The v a r i a b l e  c ros s - sec t ion  informat ion  p r i n t e d  on u n i t  16 gives t h e  
v a l u e s  of e a c h . o f  t h e  c r o s s  s e c t i o n s  t h a t  vary w i t h  h u r n ~ ~ p  f n r  ~ a r h  i r r a -  
d i a t i o n  s t e p .  Seve ra l  types  of d a t a  a r e  g iven ,  i nc lud ing  (1) t h e  l i s t  of 
i s o t o p e s  and c r o s s  s e c t i o n s  ( i . e . ,  c ap tu re  o r  f i s s i o n )  t h a t  a r e  vary ing ,  
(2 )  t h e  previous  and c u r r e n t  c ross -sec t ion  va lues ,  ( 3 )  t h e  l o c a t i o n  o f .  
t h e  v a l u e s  being v a r i e d  i n  t h e  ORIGEN2 a r r a y s ,  (4 )  t h e  l o c a t i o n  of t h e  
f i s s i o n  product y i e l d s  t h a t  must be a l t e r e d  when f i s s i o n  c r o s s  s e c t i o n s  
' a r e  changed, ( 5 )  an i n d i c a t i o n  of t h e  burnui  a n t i c i p a t e d  f o r  t he  c u r r e n t  
i r r a d i a t i o n  s t e p  ( t h i s  is  what t h e  v a r i a b l e  c r o s s  s e c t i o n s  depend on ) ,  
. 
Table 8.1. Overall organization of ORIGEN2 output. 
Section where 
Description of output unita. described 
- - -  
Card input echo 
Miscellaneous input 
Fission neutron yield per neutron-induced 
fission 
(alpha,n) neutron production rate 
Fission neutron yield per spontaneous. 
fission 
Individual-element fractional reprocessing 
recoveries 
Element-group fractional reprocessing 
recoveries 
Ass l g u m c ~ i t  of clcmento to fraet ional  
recovery groups 
Elemental chemical toxicities 
Listing of ORIGEN2 commands 
Data libraries 
Decay 
Activation product segment 
Actinide segment 
Fission product segment 
Cross sect ion 
Activation product segment 
Act hide segment 
Fission product segment 
Photon 
Act ivat ion product segment 
Act irt.i.de segment 







b :  
Table of contents 
Variable cross-sect ion inforkat ion 
Debugging and other internal information 
a Assuming that the unit assignments given in   able 2.3 are used. 
b ~ e e   able 8.2 for a description of the organization of each output 
grouping. 
Note: If an STP command (see Sect. 4.24) is used, the' output' after . 
"Output N" in the above table will begin with, miscellaneous input 
(NSTP=l), ORIGEN instruction listing (NSTP=2), or Output N+1 
(NSTP=3) . 
and (6)  an i n d i c a t i o n  of which a c t i n i d e  i so tope  wi th  d i r c c t  f i s s i o n  
product  y i e l d s  i s  be ing  used t o  account f o r  those  a c t i n i d e s  ( i . e . ,  2 3 7 ~ p ,  
2 4 0 ~ ~ ,  e t c . )  . . t h a t  do n o t  have a  d i r e c t  f i s s i o n  product  y i e l d .  
The debugging and o t h e r  i n t e r n a l  in format ion  t h a t  i s  p r i n t e d  on 
u n i t  1 5  is  g e n e r a l l y  most u s e f u l  i n  monitoring t h e  progress  of t h e  calcu-  
l a t i o n .  The execut ion  of each command begins wi th  t h e  p r i n t i n g  of a  
one- l ine  message t h a t  i n d i c a t e s  t h e  number 'and. type of command being 
executed .  Other in format ion  t h a t  is  p r i n t e d  he re  inc ludes :  . . . . . . 
. . 
1. parameters  r e l a t e d  t o  t h e  c a l c u l a t i o n  of t h e  f lux .  by an IRP 
command (Sec t .  4 .22) ,  
2 .  t h e  average  r ecove rab le  energy per  f i s s i o n  f o r  each  i r r a d i a t i o n  
S t e p ,  
3 .  parameters  c a l c u l a t e d  dur ing  t h e  execut ion  of a  FAC command 
(Sec t .  4 . 4 ) ,  and 
4 .  parameters  c a l c u l a t e d  dur ing  t h e  execut ion  of a KEQ command 
(Sec t .  4 .10) .  
The informat ion  d i scussed  above g e n e r a l l y  c o n s t i t u t e s  t h e  output  i n  
a t y p i c a l  ORIGEN2 c a l c u l a t i o n .  However, under cond i t i ons  where an 
ex t remely  l a r g e  amount of o u t p u t  i s  d e s i r e d ,  i t  may prove u s e f u l  t o  
d i r e c t  a l imi t ed .  amount of t h e  ou tpu t  t o  u n i t  6 and t h e  ma, jor i ty  of 
, . 
t h e  ou rpu t  to u n i t  111. Unit  11 could be a d i r ec t - acces s  device ,  t ape ,  
o r  mic ro f i che  w r i t e r .  I n  any c a s e ,  t h e  output  d i r e c t e d  t o  u n i t  11 w i l l  
be  t h e  Output N i n fo rma t ion ,  and u n i t  1 3  w i l l  be  t h e  t a b l e  of con ten t s  
f o r  u n i t  11. 
F i n a l l y ,  t h e r e  is  one type o f  ORTGEN? nutput which, a l though 
r a r e l y  genera ted ,  can be  very  useful  f n r  snme debugging purposes.  
This  o u t p u t  i s  a l i s t i n g  of  t h e  "matrix" of r e a c t i o n  r a t e s  t h a t  a r e  t h e  
parameters  i n  t h e  d i f f e r e n t i a l  equa t ions  be ing  so lved  by ORICEN2 and . 
. . 
t h a t  connect  each  i s o t o p e  w i t h  i t s  p a r e n t s  and progeny. This  output ,  
c o n t r o l l e d  by t h e  L I B  command ( ~ e c t . ' 4 . 1 7 ) ,  would r e q u i r e  roughly 75 
pages f o r  a n  ORIGEN~ c a l c u l a t i o n  t h a t  i nc ludes  a l l  nuc l ides .  
8.2.2 Desc r ip t ion  of t h e  o r g a n i z a t i o n  of an output  group 
The o rgan iza t ion  of t h e  informat ion  contained i n  one of. t h e  Output N . 
s e c t i o n s  i n  Table 8 .1  i s  summarized i n  Table 8.2.  This  w i l l  be  c a l l e d  
an"'output grouping" hencefor th .  An.output  grouping resu l t ' s  from t h e  
execut ion  of one OUT command (Sect .  4 .5) .  The output  grouping con ta ins  
t h e  second, t h i r d ,  and f o u r t h  l e v e l s  of t h e  ORIGEN2 h i q r a r c h i c a l  ou tput .  
An,output  grouping can  con ta in  s i x  second-level s e c t i o n s :  r e a c t i v i t y  
and burnup d a t a ,  an a c t i v a t i o n  product  segment, an a c t i n i d e  segment 
( inc luding  daugh te r s ) ,  a  f i s s i o n  product  segment, neut ron  emission r a t e s ,  
. and  photon emission r a t e s .  
,The reactPviLy and burnup d a t a  c o n s i s t  of l e s s  than  one page of 
in format ion  summarizing t h e  f l u x e s ,  burnups, s p e c i f i c  power, and i n f i n i t e  
m u l t i p l i c a t i o n .  f a c t o r  d a t a  f o r  each  of t h e  v e c t o r s  be ing  p r i n t e d .  I n  
a d d i t i o n ,  t h e  informat ion  r e l a t e d  t o  t h e  s i z e  of t h e  ORIGEN2 c a s e  ( see  
Tables 2.1 and 2.2) is  summarized he re .  The output  of t h i s  in format ion  
can b e  c o n t r o l l e d  .by the-  OUT command (Sec t .  4 .5) .  
The a c t i v a t i o n  product segment c o n s i s t s  of t h e  output  of one o r  more 
" t ab l e  types" conta in ing  informat ion  f o r  on ly  t h e  a c t i v a t i o n  .products .  
A t a b l e  type  i s  cha rac t e r i zed  by t h e  u n i t s  of t h e  t a b l e ,  such a s  mass 
(grams),  radioactivity'.(curies),- thermal  power ( w a t t s ) ,  o r  neut ron  
abso rp t ion  r a t e  (neut rons /sec) .  Twenty-four t a b l e  types  are a v a i l a b l e  
i n  ORIGEN2; t h e s e  a r e  l i s t e d  i n  Table 4.3. The t a b l e  types t h a t  a r e  
p r i n t e d  a r e  c o n t r o l l e d  by t h e  OPTL command (Sect .  4.25).  For each t a b l e  
typc ,  t h c r e  a r e  f o u r  poss ib l e  aggr~gatinns: n u c l i d e 3  element ,  summary 
' i s o t n p p ,  and si1mmar.y element ,  The aggrega t ion ( s )  t h a t  a r e  a r e  
a l s o  c o n t r o l l e d  by t h e  OPTL command. The n u c l i d e  aggrega t ion  l i s ts  t h e  
s p e c i f i e d  c h a r a c t e r i s t i c  of each  n u c l i d e  i n  each of t h e  v e c t o r s  be ing  
p r i n t e d .  The element aggrega t ion  l ists  t h e  s p e c i f i e d  c h a r a c t e r i s t i c  f o r  
each 'chemica l  element i n  each of t h e  v e c t o r s  be ing  p r i n t e d .  Th'e summary 
aggrega t ions  con ta in  t h e  same type  of in format ion  a s  t h e  r e g u l a r  t a b l e s  
except  t h a t  on ly  those  n u c l i d e s  (o r  e lements)  which c o n t r i b u t e  more than 
a  c e r t a i n  f r a c t i o n  (i.e., cu to f f  va lue )  t o  t h e  t o t a l  f o r  a l l  a c t i v a t i o n  
product  i s o t o p e s  a r e  l i s t e d .  The c u t o f f  v a l u e s  a r e  s p e c i f i e d  w i t h  t h e  
Table 8.2. Organization of an output grouping 
Reactivity and burnup data 
Activation product segment 
Table type la 
Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 
Table type 2" 
Nuclide aggregation 
Element aggregation 
3 u n u u a ~  y lsuLupe sggregarion 
Summary element aggregation 
Table type 24a 
Nuclide aggregation 
Element aggregation 
Summary isotope aggregation 
Summary element aggregation 
Actinide segment 
[same table types and aggregations as for activation products] 
Fission product segment 
[same cable types and aggregations aE for activation producks1 
P l c u f ~ ~ u  p r a d u c l l u l ~  races 
(alpha, n)  
spontaneous f iss ion 
Photon production rates 
Activation product_ segment . 
Summation tables 
Principal contributor tables' 
Actinide segment .-- 
[same aggregations as for activation products] 
Fission product segment 
[same aggregations as for activation products] 
a 
The table .types that are actually printed can be controlled with 
the OPTn commands (see Sects. 4.25-4 .27)  . 
Note: An "output grouping" results from the execution of a single 
OUT command (see Sect . 4 . 5 )  . 
CUT command ( S e c t .  4 .9) .  It should be  noted t h a t  some t a b l e  t ypes ,  such 
a s  f i s s i o n  r a t e  and a lpha  r a d i o a c t i v i t y ,  a r e  n o t  a p p l i c a b l e  t o  a c t i v a t i o n  
products  and cannot be p r i n t e d .  
The a c t i n i d e  segment a n d ' t h e  f i s s i o n  product  segment i n  Table 8.2 
a r e  ve ry  s i m i l a r  t o  t h e  a c t i v a t i o n  product  segment desc r ibed  above 'and 
w i l l  n o t  be  d i s cus sed  i n  d e t a i l . ,  The t a b l e  t ypes  and agg rega t ions  p r i n t e d  
f o r  t h e  a c t i n i d e s  and t h e  f i s s i o n  products  a r e  c o n t r 0 1 l e d . b ~  t h e  OPTA 
(Sect .  4 .26)  and t h e  OPTF (Sec t .  4.27) commands r e s p e c t i v e l y .  
The neut ron  product ion  r a t e  t a b l e s  a r e  r e l a t i v e l y  compact and 
s t r a igh t fo rward .  E a c h . c o n s i s t s  of a  one-page l i s t i n g  of t h e  neut ron  
p r o d ~ ~ c t i o n  rates from (a lpha ,n )  r e a c t i o n s  f o r  each n u c l i d e  i n  each vec to r  
p r i n t e d  and a  one-page l i s t i n g  of t h e  neut ron  product ion  r a t e s  from 
spontaneous f i s s i o n  f o r  each n u c l i d e  i n  each v e c t o r  p r i n t e d .  Both of 
t h e s e  t a b l e s  a r e  "summary t a b l e s "  sinc.e t h e  c o n t r i b u t i o n  of each  n u c l i d e  
t o  t h e  t o t a l  i s  t e s t e d  a g a i n s t  a c u t o f f  va lue  s p e c i f i e d  by t h e  CUT 
command (Sec t .  4 .9) .  I f  t h e  i s o t o p e ' s  c o n t r i b u t i o n  i s  less than  t h e  
c u t o f f ,  t h e  i s o t o p e  is n o t  p r i n t e d .  
The f i n a l  second-level  s e c t i o n  of t h e  ou tpu t  grouping i s  t h e  photon 
product ion  r a t e s .  This  i s  f u r t h e r  broken down i n t o  an a c t i v a t i o n  product  
segment, a c t i n i d e  segment, and a  f i s s i o n  product  segment. S ince  t h e  
photon product ion  r a t e  ou tput  f o r  each  of t h e s e  segments is  s u b s t a n t i a l l y  
t h e  same, on ly  t h e  a c t i v a t i o n  product  segment w i l l  be desc r ibed  i n  d e t a i l .  
The a c t i v a t i o n  product  photon ou tpu t  c o n s i s t s  of summation t a b l e s  and 
p r i n c i p a l  c o n t r i b u t o r  t a b l e s .  The summation t a b l e s  list t h e  photon ' 
product ion r a t e s  f o r  each. v e c t o r  p r i n t e d  a s  a  f i n c t i o n  of  1 8  photon 
energy groups. Summation t a b l e s  a r e  given i n  u n i t s  of photons /sec  and 
- 1 
MeV watt- '  s e c  . The p r i n c i p a l  c o n t r i b u t o r  t a b l e s  l i s t  t h e  photon 
product ion r a t e s  f o r  each n u c l i d e  t h a t  c o n t r i b u t e s  more than a  s p e c i f i e d  
f r a c t i o r ~  (i.c., a cu to f f  va lue  set with  the CUT command) t o  t h e  t o t a l  
photon product ion  r a t e  f o r  each group. 
8.2.3 Desc r ip t ion  of a  s i n g l e  ORIGEN~ output  page 
A t y p i c a l  ORIGEN2 ou tpu t  page, taken from one of t h e  outp~lt .  groupings,  
. . 
i s  shown i n  Fig.  8.1. The page number, ou tput  u n i t  number, and segment 
. ( i . e . ,  a c t i v a t i o n  product ,  a c t i n i d e ,  o r  f i s s i o n  product)  a r e  given i n  t h e  
upper ,  .right-haild corner .  The page number i s  c o r r e l a t e d  wi th  t h e  t a b l e  
of c o n t e n t s ,  a s  mentioned p rev ious ly .  
.Next ,  i n  t h e  upper l e f t  p o r t i o n  of t h e  page, t h e  fo l lowing  informat ion  
i s  g iven:  
1. t h e  t i t l e  f o r  t h i s  ou tput  grouping ( s p e c i f i e d  wi th  a  
TIT command, S e c t .  4.2);  
2 .  t h e  average  s p e c i f i c  power (MW pe r  b a c i ~  u n i t ) ,  burr~up , 
(Wd p e r '  b a s i s  u n i t ) ,  and f l u x  (neut rons  cm-* sec-'1, 
t h e  c a l c u l a t i o n  .of which depends on t h e  BUP command 
(Sec t .  4.14); 
3 .  t h e  agg rega t ion  (e .g . ,  nuc l ide  t a b l e ,  element summary 
t a b l e ,  e t c . )  and t a b l e  type  ( i . e . ,  r a d i o a c t i v i t y ,  c u r i e s ) ;  and . 
4 .  t h e  o u t p u t  grouping b a s i s  ( s p e c i f i e d  w i t h  a  BAS command, 
Sec t .  4 . 3 ) .  
I f  no r e a l  s p e c i f i c  power/burnup/flux informat ion  i s  a v a i l a b l e ,  a l l  
parameters  a r e  s c t  t o  1 .0 .  
Below' the ou tpu t  grouping b a s i s ,  and spanning t h e  e n t i r e  page., a r e  
t h e  v e c t o r  headings.  Unless  a l t e r e d ,  t h e s e  headings w i l l  be  t h e  i r r a d i a - .  
t i o n  o r  decay t imes  f o r  t h e  vec to r .  Alphanumeric v e c t o r  headings can be  
i n s e r t e d  by us ing  t h e  HED command (Sec t .  4 .7) .  
The remainder of  t h e  ou tpu t  page i s  occupied by t h e  main body o f  
t h e  ORIGEN'~ output. in format ion .  The l e f t m o s t  column l ists  t h e  n u c l i d e  
( o r  element), and t h e  remainder of t h e  h o r i z o n t a l  l i n e  . g ives  t h e  charac- 
e e r i s t i c . ( i . e . ,  c u r i e s )  of t h a t  i so tope  f o r  each  of t h e  t i m e s  o r  
c o n d i t i o n s  of each  v e c t o r .  
At the  end of each a g g r e g a t i o n , . v e c t o r  t o t a l s  a r e  given. Cumulative 
f o t a l s  [e .g . ,  t o t a l  a c t i v a t i o n  product (AP) p l u s  a c t i n i d c  (ACT) p l u s  
f i s s i o n  product (FP) c u r i e s ]  f o r  each vec to r  a r e  given a t  t h e  end of each 







H l ?  3 
H E  .4 
H E  6 
OUTPUT UNIT = 6 PAGE 18 
: A Y  OF FUR SPROCTURAL NATEBIAL WASTE: 33,000 HWO/NTHl ACTIVATION PRODUCTS 
: 1.00000E 00HW. BURNUP= 1.00000E O O H U D ,  FLUX= 1.00E OON/CH**2-SEC 
NOCLIDE TABLE: CONCENTRATIONS, GRAHS 
ONE TONNE OF INITIAI HEAVY nETAL AT A REPROCESSING TINE OF 160 DAYS 
St+0.05% F 3. Y R  10. Y R  30. Y F  100. Y R  300. Y R  1. K Y  3. K Y  10. K Y  30. K Y  100. K Y '  1. O Y  
2.977E 00 2.977E 00 2.97?E 00 2.977E 00 2.9773 00 2.977E 00 2.9778 00 2.9773 0 0  2.9773 00 2.977E 00 2.977E 00 2.977E 00 
5.9CCE-03 5.900E-03 5.90UE-03 5.900E-03 5.900E-03 5.9COE-03 5.900E-03 5.900E-03 5.9008-03 5.900E-03 5.900E-03 5.900E-03 
1.3268-05 1.120E-05 7.56UE-06 2.4628-06 4.e39E-08 6.446E-13 5.5638-30 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.412E-10 2.0553-06 5.696E-06 1.080E-05 1.321E-05 1.326E-05 1.3263-05 1.3263-05 1.3261-05 1.326E-05 1.3263-05 1.32613-05 
1.168E-01 1.168E-01 1.16BE-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 1.168E-01 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 4.849E-06 
i.€S2E-02 2.6923-02 2.6923-02 2.692E-02 2.692E-02 2.692E-02 2.692E-02 2.692E-02 2.6928-02 2.692E-02 2.6921-02 2.692E-02 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.85lE-04 2.851E-04 2.851E-04 2.851E-(W 2.851E-04 2.851E-04 2.851E-04 2.851E-04 2.851E-04 2.851E-04 2.851B-04 2.851E-04 
5.883E-07 9.8833-07 9.8832-07 9.883E-07 9.882E-07 9.8811-07 9.878E-07 9.870E-07 9.840E-07 9.755E-07 9.46UE-07 6.4085-07 
C.C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. O m  0.0 0.0 0.0 
1 -905E-06 1.905E-06 1.905E-06 1.905E-06 1.9053-06 1.905E-06 1.90tE-06 1.906E-06 1.9093-06 1.918E-06 1.947E-06 2.253E-06 
1.904E-01 1.904E-01 1.904E-01 1.904E-01 1.904E-01 1.90UE-01 1.904E-01 1.90UE-01 1.904E-01 1.90UE-01 1.904E-01 1.904E-01 
F ig .  8.1. T y p i c a l  ORIGEN2 o u t p u t  page.  
8.3 Description of Sample ORIGEN2 Output 
This section describes five different types of sample output produced 
by ORIGEN2: output on unit 6, units 12 and 13, unit 15, unit 16, and 
unit 7. Since the output from some of these units, particularly unit 6, 
can be extremely voluminous, only representative excerpts have been - 
included in some cases. All output described in this section was produced 
, . 
by the sample input deck described in Sect. 8.1. 
8.3.1 ORIGEN2 output on unit 6 
The sample ORlGEN2 output printed on unit 6 is given in Appendix B. 
There are two principal types of' output O i l  uaYt 6: reactivity and burnup 
information,and' the ORIGEN2 output grouping. The output grouping, in turn, . 
consists of various table types (e.g., watts, grams, etc.) for each of 
the nuclide segments (activation products, actinides, and fission products) , 
neutron production tables, and photon production tables. 
The sample reactivity and burnup information is given in Appendix B.1, 
Table B.1. The first seven of the ten lines present for all of the output 
vectors contain information pertinent to only the output vector to which 
it corresponds. The last three lines contain average information for the 
entire output. The "SIZE OF MMAX" information tells the number of nuclides 
that have a given number of associated nuclear reactions [i.e., MMAX(3) 
means that a nuclide has three reactions]. The information below the MMAX 
data indicates the size of the problem executed. This information is 
needed to variably dimension ORIGEN2. 
Samples of the table types that are outpllt .  for each of the nuclide 
segments are given in Appendix B. 2, Tables B. 2 ' through B. 5. Because of 
t h e  length of the output, only the activation radioactivity table 
is included. Table B. 2 is the activation product nuc.lide radioactivity 
table for the long-term decay of the cladding waste. This table con- 
tains the curies of the radioactive nuclides in the cladding associated 
with 1 metric ton of initial heavy metal as a function of decay time. 
This table is'quite long because each of the 684 nuclides is listed, 
regardless of whether it is significant. .Table B.3 is the element 
aggrega t ion 'cor responding  to the nuclide aggregation in Table B . 2 .  
Again, all elements are printed, irrespective of their magnitude. 
Table B.4 is the nuclide summary table aggregation. Here, only the 
most significant nuclides contained in Table B.2 are listed, Finally, 
Table B . 5  gives the element summary table corresponding to Table.B.4. 
As is evident, the summary aggregations are considerably shorter than 
the nuclide or element aggregations. However, the summary aggregations 
should be used with caution since omission of a nuclide because the 
cutoff fraction was too high could require the repetition of a lengthy 
(and therefore expensive) computer run. 
Appendix B . 3  gives sample neutron production rate tables. Table B.6 
. . 
is the neutron production rate 'from (alpha,n) reactions. The neutron 
production rates are given by nuclide and in toto for the composition in 
each vector. to able B. 7 is identical except that the neutron production 
rates are from spontaneous fission events. These tables are produced 
only for the actinides since only these nuclides emit significant numbers 
of spontaneous neutrons or alpha particles. It should be noted that these 
tables are summary tables (i.e., only the most significant isotopes are 
output). The neutron production rate totals for each table and for both 
. tables together are given:for the table as output and for all nuclides, 
whether output or not, to ensure that no significant nuclides were left 
out. 
Appendix B.4 contains the sample photon production rate output. 
Table B.8 is an example of. the photon summation tables, in this case for 
the fission products in high-level waste. The upper half of Table 8.8 
gives the photon production rate in each of 18 energy groups as a 
function.o£ decay time in units of photons/sec. Totals are given in 
units of photons/sec and MeV/sec. The lower half of Table B.3 gives 
the specific energy release. rate for each group as a function of decay 
time in units 'of MeV (of gamma power) .sec-' [watt (of reactor power) J-l . 
Totals are given in units of MeV sec-' watt-' and (gamma) watts. ' ~ l l  of
the units, except the specific energy release rate, are per basis unit. , 
8.3.2 ORIGEN2 output on units 12 and 13 
ORIGEN2 outputs the tables of content for units 6 and 11 on units 
12 and 13 respectively. These tables of content are given in Table C.l 
(unit 12) and. C. 2 (unit 13). The hierarchical nature of the ORIGEN2 
output is evident in these tables of content, particularly Table C.1. It 
is hoped that the use of this output by ORIGEN2 will greatly alleviate 
the.di£'ficulties many users encounter.when trying to find a specific 
datum in the.sometimes-massive output. 
8.3.3 ORIGEN2 output on unit 16 
The output on unit 16 is information related to the changing of the 
variable actinide cross sections included in ORIGEN2. Sample output from 
unit 16 is given in Appendix D. The variable cross'sections are altered 
by linear interpolation based on the anticipated burnup during the next ' 
irradiation step. Thus, the first outpu't'.on unit 16 contains parameters 
related to the anticipated burnup during the next irradiation step and. 
the weighting factors used in the cross-section interpolation. Then, a 
small table is output containing several pieces of information for'each 
nuclide with a variable cross section. The pieces of information in this 
ta'ble are as follows: 
1. NUCLID: Six-digit nuclide identifier. 
2. XSEC TYPE: Type of cross section; 1 = (nYgamma), 2 = (n;gamma) 
to an excited state of the daughter, 4 = (n,fission). 
3. TOCAP(I), I=: I is the.location of the cross section in array 
TOCAP, which contains the f otal neutron absorption. cross section. 
This is meaningless for fission cross sections. 
4 .  A(N), N = N is the location of the reaction rate corresponding 
to the cross section: being varied in the matrix of reaction 
rates (i.e., A). 
5. FP YIELD INDIC ARR: Number of the array.containing the loca- 
. -  tionc of thc ficcion product  yield^ that have to be adjusted 
when fission cross sections are varied. 
. . .6-. FISS(J) : Location df the fission cross section in array FISS, 
. . . .  :.which contains all fission cross sections. 
7. A(N)-: Value of A(N) for the N in item 4 above; not 'meaningful. 
for fission cross sections. 
8 .  TOCAP (I) : Value of TOCAP cI) for' the I in item 3  above. 
9. A(N) FP YIELD: Value of A(N) for a single, arbitrarily chosen : 
fission product yield; not meaningful. if ' item '.5 equgls' zero. 
10. FISS(J) : Value of FISS(J) for the location .in. item' 6' above. ' 
1 .  OLD XSEC: Value of the cross..section during the previous. 
irradiation step. . . . . .  
1.2. ' NEW XSEC : Value of. ,the .cross section .during the upcoming . 
. . .  irradiation step. 
All 'of these pieces of information, in one fashion or another, serve to 
indicate'whether the routines that vary the'actinide cross sections are 
functioning properly. Under normal circumstances, 'this output is not 
useful and can be .suppressed.' Two sequential, variable cross-section 
output segments are given in Appendix D so that the movement of the 
old and new. cross sections can be 'seen. 
8 . 3 . 4  ORIGEN2 output on unit 15 . . . , . .  . . .  . . . . . . . . . . . .  
A sample output containing debugging and internal information is 
given in Appendix 'E. This output, which is printed on unit 15, serves 
. . 
three principal functions. The first function, which is"usefu1 in some 
. . . . .  
drbugglng situations, is co print a single line of information'just ' 
before each comm$nd is executed.   his output immediately indicates the 
command that was being executed when the error occurred. This 'output 
also prints information concerning-the number of each command type. With 
respect to .this latter feature, it. should be noted that, for the purposes 
of counting the number of commands of a particular type, the IRP, IRF, 
and DEC, commands are all counted as ~ K P  commands. Th,is. me.ans .that. there. 
will always be a total of zero IRP and DEC instructions. 
The second function of the output..on.unit 15 is.to prokide.'selected 
internal information calculated by ORIGEN2. .This type of information 
ic for' the following commands: IRP, IRF, E;EQ, and FAC. The 
significance of the printed information is discussed below. 
The information printed for both the IRP and IRF commands is basically 
the same. Most of the parameters printed are intermediate values used in 
SUBROUTINE FLUXO to calculate the flux when the power is given, or vice 
versa. These values will not be described in detail, but the nomenclature 
in the unit 15 output is the same as that in FLUXO, so that the interested 
user can readily perform the flux/power calculation with a hand calculator 
if required. .The parameters printed 'on unit 15 that may be of more general 
. interest are as follows: 
TSEC: absolute time at the end of the current irradiation step, sec 
DELT: duration of the current irradiation s t e p ,  sec 
EPF1, EPF2, EPF3: recoverable energy per fission associated with 
the ncro, first, and ~ e c o n d  time deri.v~fives 
used in the flux/power calculation, MeVlfission 
FPFAVG: average, recoverable energy per fission for this time 
step, MeV/fission 
FLUX: calculated or speciffed flux for the irradiation step, 
neutrons sec-I cm-2 
POWER: calculated or specified power for the irradiation step, 
MW per basls uuiL 
This type of information can be useful as input to auxiliary hand calcula- 
tions or in finding errors in some situations. 
The internal information printed for the KEQ command (command number 
52 in Appendix E) is related to the calculated neutron production and 
destruction rates, the infinite multiplication factors, and fraction of 
the allocated material thar: is Included in the final mlxlure. Tile 
parameters are de-fined,as follows: 
NPROA, NPROB, NPROC: relative neutron production rates of vectors 
NlCEQ (1) , NKEQ (2) , and NKEQ (3) respectlvaly 
(see Sect. 4.10) 
NDESA, NDESB, NDESC: relative neutron destruction rates of vectors 
NKEQ(l), NKEQ(2), and NKEQ(3) respectively 
IMFA, IMFB, IMFC: infinite multiplication factors (= NPRO~/NDES~) 




The n e u t r o n  p r o d u c t i o n  and d e s t r u c t i o n  r a t e s  a r e  r e l a t i v e  because  t h e y  
have n o t  been m u l t i p l i e d  by t h e  n e u t r o n  f l u x .  
The i n t e r n a l  i n f o r m a t i o n  p r i n t e d  f o r  t h e  FAC command i s  r e l a t i v e l y  
simp'le compared w i t h  t h a t  f o r  t h e  i r r a d i a t i o n  and KEQ commands. The FAC 
o u t p u t  informat ' ion on u n i t  1 5  c o n s i s t s  of t h e  v a l u e  of NFAC(1) on t h e  
FAC i n s t r u c t i o n  and t h e  v a l u e  of FACTOR[NFAC(l)] ( s e e  S e c t .  4 . 4 ) .  
The t h i r d  f u n c t i o n  of u n i t  1 5  is  t o  p r o v i d e  a mechanism f o r  p r i n t i n g  
i n t e r n a l  ORIGEN2 e r r o r  messages.  There  a r e  t h r e e  g e n e r a l  t y p e s  o f  e r r o r  
messages c o n t a i n e d  i n  ORIGEN~. The f i r s t  i s  r e l a t e d  t o  t h e  s i z e  of t h e  
.problem b e i n g  s p e c i f i e d . .  I f  t h e  s p e c i f i c a t i o n  r e q u i r e s  arr .ays  t h a t  exceed 
t h e  s i z e  of t h o s e  a r r a y s  a c t u a l l y  p r e s e n t ,  a n  e r r o r  message w i l l  b e  o u t p u t  
i n d i c a t i n g  t h e  di.rnensiun exceeded.  
The second t y p e  o f  message i s  s i m i l a r  t o  t h e  f i r s t ,  e x c e p t  i t ' i s  
t h e  i n d i v i d u a l  command count  t h a t  i s  checked.  Tha t  i s ,  i f  t h e  number of 
a p a r t i c u . l a r  command a c t u a l l y  used exceeds  - the  a l l o w a b l e  number, a s  g i v e n  .' 
i n  S e c t .  4 ,  a n  e r r o r  message w i l l  b e  p r i n t e d .  N e i t h e r  o f  t h e s e  two e r r o r  
t y p e s  w i l l  s t o p  program e x e c u t i o n .  
The t h i r d  t y p e  o f  e r r o r  i s  p r i n t e d  when t h e  command key word d e f i n i n g  
t h e  t y p e  of command does  n o t  match one,' of  t h e  30 key words c o n t a i n e d  
i n t e r n a l l y  i n  ORIGEN2. I n  t h i s  c a s e ,  a message w i l l  b e  p r i n t e d  and 
program e x e c u t i o n  w i l l  be  t e r m i n a t b d .  
ORIGEN2 o u t p u t  on u n i t  7 
A l i s t i n g  o f  t h e  sample ORIGEN2' o u t p u t  w r i t t e n  by u n i t  7 is g i v e n  
i n  ~ ~ ~ e n d i x  F. T h i s  o u t p u t  i s  g e n e r a t e d  by t h e  PCH commands i n  t h e  
sample problem l i s t e d  in .Appendix  A.  The format  of t h e  o u t p u t  w r i t t e n  
uu  u n i t  7 is t h e  same a s  t h e  ORIGEN2 i n p u t  fo rmat  f o r  s p e c i f y i n g  m a t e r i a l  
compos i t ions  ( s e e  S e c t .  6 ) .  Note t h a t  t h e  compos i t ions  o f  f o u r  d i f f e r e n t  
m a t e r i a l s  are l i s t e d  i n  Appendix F ( v i z . ,  f r e s h  uranium o x i d e  f u e l ,  s p e n t  
uranium o x i d e  f u e l ,  f r e s h  c l a d d i n g ,  and i r r a d i a t e d  cl.adding). Only t h e  
non-zero masses ( i n  g-atoms) a r e  o u t p u t .  The PCH command a l s o  o u t p u t s  
* 
the average burnup., flux, and power associated with each material on 
the termination card for each material. These values are required 
if the compdsitions are to be read by ORIGEN2 on unit 4, and are 
ignored if the compositions are read on unit 5 (see Sect. 4.6). 
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Appendix A.  1:. sample ORIGEN2 Input Deck 
T a b l e  A . 1 .  Sample  O R I G E N 2  i n p u t  deck  
1 // EXEC FORTQCLG,PARM. FCRT=*XREP* , 
2 // REGION.FORT=400K, 
3 // PARU. LKED=*OVLY,LIST,EAP* , 
' 4 // FARM.GO=*EU=-l,DUNP=I!, 
5 // REGION.G0=60OK 
6 //FORT.SYSIN D D  * 
7 '  C, 
8 C CASE 1 CASE 1 CASE 1 CASE 1 CASE 1 CASE 1 CASE 1 
9 C 
10 LOGICAL LONG 
11  INTEEER*2 LOCA, NONO, KD,LOC,NGP, NGW, NG3,NPIELD, NQNP, VQ, Ma AX,KAP. 
1 2  $LOCP,NFUDPP 
1 3  DOUBLE PRECISION CIKN,CSUK 
1 4 DIMENSION XWEW ( 13,1676) ,COEFF( 7,1'676) ,NPROD( 7 ,1676) ,  
15  $anax  (1676). RAP (1676) 
1 6  . DIMENSION STTFPB ( 10, lO)  ,ISTOTI ( 1 0 . 0 3 ) , 1 ~ (  10) ,RSTOTI (' 10) 
17  DINENSION A (6500) ,LOCA (6500) , NPUDPP ( 880,  3) . 
18 ' DIMENSTON BR( (O.ER( 4) ,FR ( 4) 
19 DIHENSION YIELD (3300) ,NYIELD ( 880) ,RMULV f 4 . 3 )  
2 0 DIUENSION ALPHN ( 132) ,NUCA'N ( 132) ,NUCSFU( 132)  , N Y  ( 132) ,YY( 132) .  
2 1 SFPSF ( 132). FFA ( 132) . 
22 CONRON /JONK/ERR.IDU (1) ,ILITE,IACT,IPP,ITOT,IL'KIX,IAKAX, I P N A X ,  
23 $ITNRX,IZHAX,AXN,QXN.FLUX,POWER.TNDEX,TPPBAV (4.) . IPHMAX 
2 4 CONflON /MAINO3/NS'IP,AN~UL,ANEXP,NABflAX, I C N ~ ~ A X ~ I A P N A X ~ I P Y M A X  
2 5  C 1766  WORDS ARE NECESSARY I N  /NUDSCR/ BEGIYNING WITH S 
26 C /NUDSCR/ I S  USED FOR CULTIPLE PURPOSES. 
27  COMMON /NUDSCR/DUUl( 7.1696) ,9Utl2 ( 6,1676) , S (2) ,CIUN (1676) ,  
2 8 $ CSU N (1676) ,NONP (1676) , NQ (1676) ,XP (1676) ,XPAR (1676) .XTEilP(l6?6) , 
2 9 8 D (1676) ,AP (3500) ,LOCP (3500) , L O N G  (1676) 
3 0 . COMMON /BIG/NUCL ( 1676) , Q (1  676) , FG (0004) , TOC AP (1 676) .GENNEU ( 132).  
31 ' $ALPBAN( 132) ,SPONF( 132) ,SFNU ( 132)  SFISS ( 132)  ,NUCAB(1676), 
3 2 B A N K  (1676) .WMPC (1676) ,XSTORE( 10,1676) ,DIS (1676) ,B (1676) '# 
3 3  SABUND ( 450) , N O N O  (1676).  KD (1676) ,  LOC (6500) ,NGF (1676) ,NGN ( l676) ' ,  
34 SYGR (7900) .GGR (7900) 
35  C DR,ER, A N D  FR,PROVIDE A CONVENIENT NECHANISN FOR INITIALIZING VARIABLE 
36 C NULTZPLIBR A R R A Y  RMULV. 
37 EQUIVALENCE (DR (l) ,RnuLv (1 , I )  ) , ( E R ( I )  , R M U L V  ( 1 , 2 ) ) ,  
3 8 $(FR(l ) ,PBULV(1,3) )  
3 9 EQUTVALENCE rouni  (1.1,. COEFP (1, ir r , ( ~ o n z  ( 1 , i )  ,WPF!OD ( 1 , i )  1. 
4 0  $ (NONP(1) , f l f lhX(l))  , (KAP(l)  , N Q ( l ) ) ,  (XNEW(1,l) ,DUU1(1,1)) 
4 1 EQUIVALENCE (XP ( I ) .  ALPBN (1)  ) , (ALPHN ( 132) .  NUCAN (1) ) . (NUCAN ( 132) , 
42 JNUCSPU (11) , (RUCSPU( 132)  , N Y  (1)  ), (NY ( 132) . Y Y  (1)  ). (YY ( 132) ,  
4 3 $FPSF ( 1 ) ) .  (PFSP ( 132) ,YIELD (1) ) , (YIELD(3300) .NYI!?LD(l)) 
4 4 CALL Q105F (6) 
45 C INITIALIZE PAGE COUNTER 
46 NPAGE=IPAGE (0) 
4 7 LX= 10 
4 8 U X =  1 3  
4 9 LC= 7 
5 0 I L M A X =  700 
5 1 I A U A K m  132 . 
5 2 IPUAX= 880 
5 3 ITUAX= 1676 
5 4 IZRAX= 6500 
5 5 xpun A X = ~ ~ O O  
56 . IAPBAX=3500 
5 7 IFY!fAX=3300 
58 ' N A B N  A X =  450 
59 . ICNYAX= 3 
60 IPD= 880 
6 1 LAM= 4 
6 2  c NEUTRCNS PER NEUTRON-INDUCED FISSION: O=THERHAL SPECTRUU; I=PAST SPECTRUN 
T a b l e  A . l  ( c o n t i n u e d )  
. 6 3  NYTF=l 
6 4  NYTF=O 
6 5  C CALL SUBROUTINE TO REBD CARD INPUT  FRO^ UNIT 5, P R I Y T  I T  08 UNIT 6, AND 
66 C WRITE I T  ON ONIT 5 0 .  UNIT 5 0  I S  THYN REWOUND AND ORIGEN2 READS THE DATA 
6 7  C PROM UNIT 50. .  
h 68 CLLL L I S T I T  ( 5 , 6 , 5 0 )  . 
6 9 REWIND 5 0  
7 0  C M A I N  1 HANDLES TRE UTSCELLANEOUS INITTRLIZATTDN DATA 
7 1 1 CALL H A I N 1  ( N I T P ,  SENU,ALPHN,NUCAN, N Y . Y Y  ,ANHUL,ANEXP) 
7 2  6' ?lAIN2 READS THE ORIGEN2 COUMANDS 
7 3 2 CALL # A I N 2 ( N S T P )  
7 4  C HAIN3 EXECO'IES THE ORIGEN2 COMRANDS 
7 5  3 CALL HAIN3(  
7 6 $ LONG,STTFPB,ISTOTI , IS .  R S T O T I ,  . LX, I X ,  LC, I P D ,  
7 7 SIUCAB,NONO, KD,LOC,BGP,NGN, NGR; NYIELD,NONP, NQ,LOCP.HHAX,KAP, 
7 8 SLOCA ,NPUDPP, CIHN,CSUM, s, 
79 $NOCL,Q,FG,TOCAP.GENNEU, ALPHAN,SPONF,SFNU,PISS,AUPC,HCIPC,XSTORE, 
8 0  %DIS,  @,GGR,YIELD, A , XP, XP%R,XTEMP, D,AP, COEFP,NPROD, XNEW, . 
9 1  SALPHN, NUCbN. NUCSPU, NY, Y.Y,FPSP,PPA, ABUND, RHULV,LA!I) 
9 2  C T H I S  "GO TOn PROVIDES THE .NECHANISU FOR EXECUTING MULTIPLE PROBLEHS WITHIN 
8 3  C A SINGLE JOB. 
8 4  GO TO ( 1 , 2 , 3 . 4 )  ,NSTP 
9 5 4 C O N T I N U E  
8 6 CALL Q l O S P  ( 6 )  
87 STOP ' 1 0 0  
8 R END 
. 89 /* 
90 //LKED. STEPLTB DD . DSN=SPSl .  VSPGH,DISP=SHR 
9 1  //LKED.HEX DD DSN=CHEUTECH.RGC14198.020BJ,DISP=SHR 
92 // DD DISP=SHR,DSN=CHEllTECH.QlOSP.DUilFlYO 
93  //LKED. SYSIN DD DTSP=SHS,DSN=CBEMTECH. AGC14198.D20VLY 
9 4 .  / /GO.FT07F001 DD SYSOUT=B,DCB= (RECFH=FB,LRECL=80, B L K S I Z E = 3 5 2 0 )  
9 5  //GO. P T 0 9 F 0 0 1  DD DSN=CREHTECH. AGC14198.  DECAY ,DISP=SHR 
9 6  // DD DSN=CHFUTECR. AGC 1 4 1 9 8 .  KPWRU,DISP=SHR 
9 7  / /BO.FTlOPOOl DD DSN=CHEHTECH. AGC14198.  PHOTON, DISP=SHR'  
' 9 8  //GO.FTl l F 0 0 1  DD SYSOUT=A,DCB= (RECFN=VBA,LRECL=137,BLKSIZE=llOO) 
9 P  //GO. P T 1 2 F 0 0 1  DD SYSOOT=A, DCB= (RECPM=VBA, L R E C L = 1 3 f , B L K S I Z E = l l O O )  
1 0 0  //GO. F T 1 3 P 0 0 1  DD SYSOUT=A,DCB= (RECPH=VBAeLRECL=13?,BLKSIZE=l 1 0 0 )  
1 0 1  //SO. F T l S P 0 0 1  DD SYSOOT=A,DCB= (RECPU=VBR.IRECL=13?.BLKSIZE=llOO) 
l o 2  //GO. FT 1 6 P 0 0 1  DD SYSOOT=A,DCB= (RECPR=VBA, LRECL=137,  B L K S I Z E = 1 1 0 0 )  
1 0 3  / / C O . P T 5 0 P 0 0 1  DD DSN=&&AGC,UNIT=SYSDA, 
' 1 0 4  // DCP= ( R E C P ! ~ = P B , L R E C L = ~ O , B L K S I Z E = ~ ~ ~ ~ )  , ~ c E =  ( 3 2 0 0 ,  ( 5 0 ~ 5 0 )  ,RLSE) 
1 0 5  / /GO.?T51P001 DD SYSOUT=A,DC9= (I1ECFfl=VBR,LP.ECL=137,BLKSIZE=llOO) 
1 0 6  //GO. F T O S F 0 0 1 .  DD * 
1 0 7  9 2  1 0 . 9 9  
1 0 8  9 4  1 0 . 9 9 4  
1 0 9  - 1  ' 
i i n  5 111.1  . . 
111 -1 
1 1 2  2 1 5  
113 -1 
1 1 4  BAS ONE METRIC TON OF PWRU.FUEL 
115 RDA -1 = PFESH U FUEL WITH I F l P O R I T I E S  ( 1  MT) 
1 1 6  RDA -2  =' FRESH ZIRCALOY CONPOS.ITION. ( 1  K G )  
117 RDA -3 = FRESH S S  3 0 4  COMPOSITTON ( 1  KG) 
118 RDR - 4  = FRESH S S  3 0 2  COMPOSITION ( 1  KG) 
1 1 9  RDA -5 = FRESH INCONEL COMPOSITION ( 1  KG) 
' 1 2 0  RDA -6 = FRESH BICROBRAZE COHPOSITION (1 KG) 
1 2 1  RDA . WARNING: VECTORS ARE OFTEN CHANGED WITH'RESPECT TO THEIR CONTENT. 
1 2 2  IIDA THESE CHANGES WILL BE NQTBP O N  RDJ'CARDS. 
1 2 3 ,  CUT 5 0 . 0 1  -1 
1 2 4  L I F  1 1 1  ADR 
1 2 5  LPU 3 8 0 9 0 0  5 5 1 3 7 0  -1 
, 1 2 6  LPU 0 1 0 0 3 0  0 6 0 1 4 0  -1 
127 LPU 9 0 2 3 2 0  -1 







R D  A 
INP 
R D B  
TNP 
R D  A 
I NE 











I R ?  
IRP 
TBF 
I R  P 
TRP 
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R D A  
U O V  
R D A .  
KEQ 





R D D  
A D D  
BED 
I R  F 
IRP 
I R  F 





I n  P 
IRF 
I R  P 
dU T 
4D R 
R D B  
nov 





T a b l e  A . l  ( c o n t i n u e d )  
0 1 2 -3  -204 -205 -206 9 3 -2 1 1 
101 102  103  10 
- 1  24*8 
INITIAL COHPOSITIONS O P  U N I T  A H O U N T S  OF FUEL A N D  STRUCT Y A T * L S  . 
REBD FUEL CCMPOSITION INCLUDING IMPURITIES (1000 KG) 
-1 1 -1 -1 1 1 
READ ZIRCALOP COYPOSITION (1.0 KG) 
. - 2  1 -1 -1 1 1 
R E A D  SS304 CCUPOSITION (1.0 KG) 
-3  1 -1 -1 1 1 
READ INCONEL 718 COtlPOSITION (1.0 KG) 
-5 1 -1 -1 1 1 
READ NICROBRAZE 50 COUPOSITION (1.0 KG) 
-6 ' 1 -1 -1 1 1 
IRRADIATION OF ONE METRIC TON OF PWRU 'PUSL 
-1 1 0 1.0 
1 CHRRGE 
26.7 3V.500 1 2 U 2 END OF THIS STEP=1,000 BWD/l!TIHN 
66.7 37.500 2 ' 3 4 0 END OF THIS STEP=2,500 MWD/ITIHU 
133.3 37.500 3 4 4 0 END Of THIS STEP=5,000 HWD/HTIH@l 
266.7 37.500 4 5 4 0 END OF THIS STEP=10,000 IWD/HTIRR 
400.0 37.500 5 6 ,  .4 0 ENlr CIY I1'HT.S STRP=l5,nOO H!?B,/MTIflld 
U40.0 37.500 6 7 4 0 END OF THIS STEP=16,500 flWD/MTIHH 
533.3 37.500 7 8 4 0 END Of THIS ST??.P=20,000 HWD/ITIHH 
666.7 37.500 8 9 4 0 E N D  OF TRIS STEP=25,000 t!WB/HTIHH 
733.3 37.500 9 1 0  4 0 END OF THIS STEP=27,500 IlWD/flTIHH 
800.0 37.500 10 1 1  4 0 END OF TVIS STBP=30;000 UWD/HTIHU 
880.0 37.500 11 12 4 0 END OF THIS STEP=33,000 HWD/flTIAfl 
8 8 8 8 7 8 1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 .  
8 8 8 8 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
1 2  1 . -1 0 
-10 = IRRADIATED U FUEL AT DISCHARGE 
12 -10 0 1.0 
THESE INSTRUCTIONS ARE fiERE.ONLY TO DENONSTRATE THEIR USE 
1 0 ' 1 2  1 2 3 -1.0 
1 1 12 4 0.0 
IRRADIATION O F  .ZIRCALOY+ INCONEL + NICROBRAZE 50 AT 100% PT.n? 
IkRBDIATION OF ZIRCALOY+ INCONEL + NICROBRAZE 50 AT 100% FLUX 
-2  1 0 223.0 ZIRCALOY 
-5 .1 0 12.8 INCONEL 
-6 1 0 2.6 NICBOBRIZE 50 
-3  1 0 9 - 9 4  SS 304 
1 CHARGE 
26.7 -1.0 1 2 4 4 END Of TAIS S T E P =  1,000 UWD/!lTIH# 
66.7 - 1 .  2 3 4 0 END OF THIS STEP = 2,500 IWD/MTIHU 
133.3 -1.0 3 4 4 0 END OF THIS STEP = 5,000 HWD/ITIHU 
266.7 -1.0 4 5 4 0 END OF TAIS STEP = 10,000 MWD/HTIRU 
400.0 -1.0 5 6 4 0 END OF THIS STEP = 15,000 #WD/UTIHU 
440.0 -1.0 6 7 U 0 IgUD OP TI113 3TEP = 16,300 ClUP/HZPiih 
533.3 -1.0 7 8 4 0 END nP THTS STEP = 20,000 MWD/BTIHU 
666.7 -1.0 8 9 4 0 END OF THIS STEP = 25,000 MWD/HTIHU 
733.3 - 1  0 9 10 4 0  EN^ ur + H l S  STEP = 2'1.500 ElWD/HTXliH 
800.0 -1.0 10 11 4 0 END OF TRTS STEP = 30.000 I W D / B T X R A  
880,'fJ - i . O  11 12 4 0 END OF TRIS STEP = 33,000 HWD/UTIHH 
12 1 -1 0 
-2 = FRESH ZIRCALOY, INCONEL, A N D  NICROBRAZE 
-9 = IRRADIATED.ZIRCALOY, INCONEL, A N D  NICROBRAZE 
1 -2 0 1.0 
12 -9 0 1.0 
-1 -1 - 1  
-10 -10 -10 
-2 -2 -2 
-9 -9 -9 
ADR 
T a b l e  A .  1 (contin"ed) 
195 STP 2 
196 2 922340 290.0 922350 32000.0 922380 967710.0 0 0.0 FUEL 'ACTINIDES 
197 4 030000 1.0 050000 1.0 060000 89.4 070000 25.0 FUEL INPUR 
198 4 080000 134454.0 OF0000 10.7 110000 15.0 120000 2.0 FUEL IHPUR 
199 4 130000 16.7 140000 12.1 150000 35.0 170000 5.3 FUEL I H P U E  
200 4 200000 2.0 220000 1 -0  230000 3.0 240000 4.0 FUEL IflPUR 
201 4 250000 1.7 260000 18.0 270000 1.0 280000 24.0 FUEL IHPUR 
202 ' 4 290000 1.0 300000 40.3 420000 10.0 470000 0.1 FUEL INPUB 
203 4 480000 25.0 490000 2.0 500000 4.0 640000 2.5 ' FUEL INPUR 
204 4 740000 2.0 820000 1.0 830000 0.4 0 0.0 FUEL IMPOR. 
205 0 
206 4 400000 979.11 500000 16.0 260000, 2.25 240000 1.25 ZIRC-4 
207,. 4 280000 0.02 130000 0.024 050000. 0.00033 480000 0.00025 ZIRC-4 
208 4 060000 0.120 270000 0.010 290000 0.020 720000 0.078 ZIRC-4 
209 4 010000 0.013 250000 0.020 070000 .  0.080 080000 0.950 ZIRC-4 
210 4 160000 0.035 220000 0.020 740000 0.020 230000 0.020 ZIRC-4 
211 5 920000 0.0002 0 0.0 ZIRC-4 
212 0 
213 4 260000 688.45 240000 190.0 280000 90.0 250000 20.0 SS-304' 
214 4 060000 0.8 150000 0.45 . 160000 0.3 140000 10.0 SS-304 
215 4 010000 1.3 270000 0.8 0 0.0 SS-304 
216 0 
217 4 260000 180.0 240000 190.0 280000 525.0 130000 6.0 INC-7 1 R 
219 4 0600000,U 270000 4.7 290000 1.0 2500002 .0  . INC-718 
,219 4 420000 30.0 070000 1.3 410000 55.53 160000 0.07 INC-718 
220 . 4 140000 2.0 220000 8.0 0 0 . 0 .  INC-718 . 
221 0 
222 4 260000 0.47 240000 149.5 280000 743.4 400000 0.1 NICR-50 
223 4 130000 .0.1 050000 0.05 060000 0.1 270000 0.38 NICR-50 
224 4 250000 0.1 070000 0.066 . 080000 0.43 150000 103.1 NICR-50 
225 4 160000 0.1 140000 0.51 220000 0.1 740000 0.1 NICR-50 ' 
226 0 
227 BAS ONE METRIC TON OF INITIAL REAVY METAL 
228 CUT - 1 
229 LIP 0 0 0 
230 LPU 380900 ,551370 -1 
231. LIB 0 1 2 - 3 ' 0 0 0 9 3 0 1  1 
232 PHO 101 102. 103 10 
233 UOV -9  -8 0 1.0 
,234 R D A  *** REPROCESSING MODULE .............................................. 
235 R C A .  FUEL I S  REPROCESSED AT THE TInE SPECIFIED 0 8  THE NEXT CARD . 
236 DBC 160.0 -10 1 4 4 
237 PRO 1 -9 12 -3 CALCULATE 0.05% OF FUEL 
238 PRO 1 10 -5 -2 SEPARATE VOLATILES A N D  PUT I N  -5 
239 PRO . 10 4 -2 -1 PUT HLW I N  -1 
240 PRO . 4 -4 -3  -8 PUT U I N  -4 A N D  PU I N  .-3 
241 BAS ONE TONNE OF INITIAL HEAVY METAL AT A REPROCESSING TIIIE OF 160 DAYS 
242 R D A  *** HLW DECAY MODULE ................................................. 
293 TIT DECAY OF HIGH-LEVEL PWR-U WASTE; BURNUP=33,000 l!YD/NTIHL4 
24'4 UOV -2 1 0 1.0 
2U5 #Bb 1 * aiw 
246 DEC 0.5 1 3  5 4 
247 DBC 1.0 3 4 5 0 
248 DEC 3.0 ' 4  2 5 0 .  
249 DEC 10.0 2 3 5 0 
250 DEC 30.0 3 4 5 0 
251 DEC , 100.0 4 5 5 0 
252 DEC 300.0 5 6 5 0 . 
253 DEC.  1.0 6 7 7 0 
254 DEC 3.0 7 R 7 0 
255 DEC . 10.0 8 9 7 0 
256 DEC 30.0 9 10 7 0 
257 DBC 100.0 10 11 7 0 
258 DEC 300.0 1 1  -4  7 0 
259 DEC 1.0 -4 12 8 0 
260 R D A  OPT CARDS HERE 
T a b l e  A .  1 ( c o n t i n u e d )  
261 OPTL 8 8 8 8 2 8 1 8 8 8 8 8 8 8 8 8 8 8 , 8 9 0 0 8 8  
262 OPT1 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 9 8 8  
263 OPTF 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  
264 OUT -12 1 - 1  0 ADR 
265 OUT 12 1 -1 0 A DR 
266 R D A  *** STRUCTURAL PIATERIAL DECAY HODULE ................................. , 
267 TIT DECAY OF PUB STRUCTURAL NATERIAL WASTE: 33,000 NUD/MTAH 
268 10V -8 3 0 1.0 
269 R D A  FUEL TS REPROCESSED AT THE ' T I N E  SPECIFIED O N  T H E  NEXT C A R D  
270 DEC 160.0. 3 1 4 4 ' 
271 A D D  -9 1 0 1.0 
272 H I D  1 SH+0.05% F 
273 DEC 0.5 1 3  5 4 .  
' 274 DEC 1.0 3 4 5 0 
275 DEC 3.0 4 2 5 0 
276 DEC 10.0 2 3 5 . 0  
277 DBc 30.0 3 il 5 0 
27R DEC 100.0 4 5 5 0 
279 DEC 300.0 5 6 5 0 
260 DEC 1.0 6 7 7 0 
281 DEC 3.0 7 8 7 0 
282 DEC 10.0 8 9 7 0 
2 0 3  DEC a6.0 o 10 1 a 
284 DEC 100.0 10 . l l  7 0 
285 DEC 30'0.0 1 1  -4 7 0 
286 . DEC 1.0 -4 12 8 0 
251 OUT 1 2  1 -1 0 ' 
288 OUT -12 1 - 1  0 
289 END 
290 /* 
291 //GO.FT03F001 DD * 
292 3 380900 5 30.0 0.0 0.0 0.0 0.0 0.0 
293 , 3 0.0 . 0.0 0.7 0.0 0. 1 0- 1 
299 3 551370 5 25.0 0.0 0.0 0.0 0.0 0.0 
295 3 0.0 0.0 0..1 0.0 1.0 1.0 
296 21 010030 0.001 5*0.0 -1.0 
297 21 OC0140 0.01 5aO.O -1.0 
298 4 1  902320 3.0 0.001 0.0001 0.02 0.0 0.0 -1.0 
299 6 1  380900 0.08 5*0.'0 1.0 
300 61 0.001 0.004 0.1 0.02 0.019 0.08 0.006 0.006 ' 
301 070150 0 6 0 . 1 ~ 0  1.5E-04 N1U (N,D PLUS N,BP)C14 CROSS SECTION 
202 080160 0601Q0 2.OE-08 016 (N.HE3) C14 CROSS SECTION 
303 3 380900 5 30.0 0.0 0.0 0.0 0.0 0.0 0.0 
304 3 380900 0.0 0.7 0.0 C. 1 0.1 
305 3 551370 5 25.0 0.0 0.0 0.0 0.0 0.0 0.0 





I A C O O Z I  STOP 0 
Appendix A. 2 : ' ORIGEN~ Overlay Structure 
T a b l e  A.2.  ORIGENZ OVERLAY s t a t e m e n t s  
I N C L U D E  HEX 
ENTRY .HAIN 
I N S E R T  HAIN 
OVERLAY A  
I N S E R T  L I S T I T  ' 
OVERLAY A 
I N S E R T  R A I N 3  
OVERLAY C  
I N S E R T  MAIN1 
OVERLAY C  
I N S E R T  HAIN2 
OVERLAY P 
. I  NS ERT XS ECO 1 
OVERLAY ,P 
I N S E R T  XSECO2 
OVERLAY P 
I N S E R T  X S E C 0 3  
OVERLAY P 
I N S E R T  X S E C 0 4  
OVERLAY P 
I N S E R T  XSECO5 
OVERLAY' P 
I N S E R T  X S E C 0 6  , 
O v E R Z a T  P 
I N S E R T  X S E C 0 7  
OVERtRY P 
f NSERT XS ECOB 
0 VERLAY P . 
1 NSERT XS EC09 
. . 
, OVERLAY P 
I N S E R T  XSEClO 
OVERLAY P 
I NSERT XS E C l  1 
OVERLAY ? 
. I  NS ERT XS E C l 2  
OVERLAY P 
I N S E R T  X S E C l 3 '  
OVERLAY ? 
I N S E R T  X S E C 1 4  
OVERLAY P 
I N S E R T  X S E C 1 5  
OVERLAY P 
I NSEnT VDECSG 
UVERLAY P 
I N S E R T  X S E C 1 7  
OVERLAY P 
I N S E R T  X S E C l O  
OVERLAY P 
I N S E R T  X S E C l 9  
OVERLAY P 
I N3ERP XS LC20 
OVERLAY C 
I N S E R T  ADDHOV 
OVERLAY C  
I N S E R T  NUDOC 
OVERLAY C  
I N S E R T  NUDAT 1. DECRBD 
OVERLAY C  
PMSERT NODAT2 . S I G R E D  
flVRRl.AY r_' 
I N S E R T .  NUDAT3, ANSP 
OVERLAY C 
I ASERT P H Q L I B  
OVERLAY B  
I N S E R T  TERND 
OVERLAY D, 
I A S R R T  PtUXO,  DECAX. FUDGE ' 
OVERLAY D  
I N S E R T  TERM, HATREX. EQUIL.  
OVERLAY B  
I N S E R T  OUTPUT . 
. OVERLAY E  
I N S E R T  OUT1 
0VERL.AY E 
I N S E R T  OUT2 
OVERLAY B  
I N S E R T  G.AHMA 
OVERLAY B  
I N S E R T  NUTRON 




Appendix B.l: Reactivity and Burnup Information 
T a b l e  B . 1 .  S a m ~ l ?  ORIGENZ r e a c t i v i t y  and  b u r n u p  f i f o r m a t i o n  
OOTPOT DNIT = 6 
IRRADIATION OF :ONE HETRIC TCN OF PURU FOE& 
FOUER= 3.75000E O l H W .  BORNUP= 3.30000E OUIiID, ?LUX= 3.2UE 14N/CI**2-SEC 
REACTX'ZTP A N 1  BURYUP DATA 
BASIS= OKE HETRIC TON OF PWRO FUEL 
CHARGE 
TIME, SEC 0.0 
NEOT. .PLUK 0.0 
SP POW,HW 0.0 
B06NOP,HA3 0.0 
K INFINITY 0.0 
NEOT PRODU 0.0 
NEUT DESTP 0.0 
TOT BORUOP 0.0 
A V G  N FLUX 0.0 
AVGSP POV 0.0 
PAGE 91 
SIZE OF H O A X  (I) : M H A X =  1 #= 8U8 H H A X =  2 #= 437 M N A X =  3 t= 146 M f i A X =  4 #= 52 H C A X =  5 #= 108 H H A X =  6 # =  65 
. H I A X =  7 R =  11  I N R X =  3 #= 0 H I A X =  9 4 =  0 114X=10 #= 0 HIIAK=11 8 =  0 lNAX=12 #= 0 
TAE NUMEEIi OF NON-ZERO TERMS 11 A=6374 
THE NUHBEB OF NON-ZERC FISSION PRODUCT PIELDS=3242 
ILITE= 684 IACT= 129 IPP= E.58 ITOT= i671  
THE NUHBEA OF NOH-ZERO NAYRAL I\BUIiDANCES= 434 
THE NUIBEB .OP NON-ZERO PROTOR YIELCS= 4725 
THE WXIHOH NUMBER OP "EBBS I N  A P ;  3358 
Appendix B.2: .Sample ORIGEN2 Output-Tables for Activation Products 
. .. 
T a b l e  8 . 2 .  Sample  O R I G E N ?  n u c l i d e  r a d i c a c t i v i t y  t a b l e  
OUTPOT OFZT = € PAGE 34 
DECAY OF FIE STRCCTURAL RATERIAL JASTE: 33 ,000 JWD/I'IAM ACTIVATION PRODUCTS 
POWER= 1.00000E OOMP, BURNUP= 1.000303 OOtlWD, PLlX= 1.00E OON/CH**2-SEC 
NUCLIDE TABLE: RADIJACTIVITY, CU3IES 
ONE TONNE OP INITIAL HEA7Y METAL AT A REPROCESSING 
SC*G.OSI E 3. YE 10. Y R  30. YR 100. Y R  300. Y R  1. K Y  
TIME C,? 160 DAYS 
3, K Y  '0 .  K Y  30. K Y  100. K Y  1. M Y  
T a b l e  B.2 ( c o n t i n u e d )  
. . OUTPUT ONIT = 6 PAGE 3 5  
DECAY. O r  FUR S'IROCTURAL NATZRIAI WASTE: 3 3 , 0 0 0  EIWD/flTRH ACTIVATION PRODUCTS 
, POWER= 1 . 0 0 0 0 0 E  OOUW, BORNUP= 1.OGOOOE OONUD, FLUX= 1 . 0 0 E  O O N / C N * + ~ - S E C  
NUCLIDE TAELE: RALIOACTIVITY, CURIES 
ONE TONNE OP I N I T I A L  HEAVY HETAL AT A  REPROCESSING T I N E  OF 1 6 0  DAYS 
SU+0.0591 F 3. YR '10. PR 30. YR 1 0 0 .  YR 3 0 0 .  YR 1. KY 3. KY 1 0 .  KY ' 3 0 .  KY 1 0 0 .  KY 1. MY 
T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT UNIT = 6 PAGE 36 
D E C A Y  OF  P W R  STROCTVRAL NATEBIRL PASTE: 33,000 nao/arun ACTIVATICN PRODUCTS 
FOWER= 1.00000E OORW,  BURRUP= 1.00000E OOflRD, FLUX= 1.002 00N/CN**2-SEC 
NUCLIDE TABLE: RADIOACTIVITY, CURIES 
ONE TCYHE OF INITIAL HEAVY NETiL AT A REPROCESSING TINE OP 160 DAYS . . . 
S1+0.05% F 3. YR 1C. Y R  30. YR 100. Y R  300. YR 1. PIT[ 3. K Y  l c .  KY 30. K Y  100. K Y  1. N Y  
Table  8.2 (continued) 
. OUTPUT UNIT = 6 PAGE 37 
DECAY OE EWR STRUCTURAL' HATEBIAL WASTE: 33,000 UWD/MTAH ACTIVATION PRODUCTS 
MWER= 1.000COE 001U, BURNUP= 'I.0b3COOE OOItWD, FLUX= 1.OOE OON/CM**2-SEC 
NUCLIDE TABLE: RADIOACTIVITY, CURIES 
.ONE TOYNE OP INITIAL HEAVY NETAL AT A REPROCESSING TIME OP 160 DAYS 
SH+O.059( E 3. Y R  13. YE 30. YR 100. Y R  300. YR 1. K Y  3. K Y  10. KY . 30. K Y  100. 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
I). 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 '0.0 0.0 0.0 0.0 0.0 .o. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .o.o 0.0 0.0 
0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 '0. 0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0. 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.2721-10 2.5271-38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 .o 0.0 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 -0 0.0 0.0 0.0 I). 0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 .o.o 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 - 0  0.0 0.0. 0.0 .3. 0 0.0 0'. 0 0.0 0.0 0.0 0.0 
0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 , 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 -0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 
0.0 0.0 0.0. 0.0 0.0 0.0 0.0 . 0.0 0.0 , 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0 - 0  0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 :o 
2.000E-32 2.000E-32 2.OCOE-32 2.0003-32 2.000E-32 2.000E-32 2.000~-3'2 2.0002-32 2.0003-32 2.0001-32 2.000E 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 p . 0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 '0. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.0 . 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 
o i o  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 .o. 0 .o.o 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 .o . 0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 0.0 
0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 .  0.0 0.0 0.0 0.0 . 
0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0.0 0.0 0.0 0.0 
T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT UNIT = 6 PAGE 38 
DECAY OF FWR STRUZTU3AL NSTERIAL FASTE: 33,000 I!ID/MTHR ACTIVATICN PRODUCTS 
POWER= 1.00300E' 00RW. '3URNOP= 1.00000E OOflWD, P L t  X= 1.00E OON/C11**2-SEC 
~ i .  8 3  
K R  8311 
K R  84  
K R  8 5  
KR. 85X 
K B  86. 
K R  8 7  
K R  8 8  
BE 85  
R E  86  
R E  86fl 
R E  8 7  
R E ,  8 8  
R E  89  
SR 84 
SE 8 5  
SR 85M 
SR 8 6  
SR 87 
SR 87R 
SR 8 8  
Sfi 8 9  
SR 9 0  
SR 9 1  
SR 93  
Y 8 9  
Y 89n 
Y 9 0  
Y 90fl 
Y 91  
Y 92 
. Y 9 3  
Y 9 4  
Y 96  
Z R  89  
ZB 90  
2.8 9 1  
ZR 92  
ZR 9 3  
ZR 94 , 
ZI; . 9 5  
Z R  96  
ZR 97  
N E  92  
N E  9 3  
N B  93R 
N E  9 4  
N E  9 5  
N E  95n 
N E  96 
N E  97  
N E  978 
NUCLIDE TABLE: 3AOIOACTIVITY, CUF IES 
ON2 TOSNE OF INITIAL HEAVY NETAL AT A REPROCESSING TIRE OF 160 DAYS 
sN+'0.05% F 3. Y R  10. Y R  30. Y R  1CO. ?R 300. Y R  1. K Y  3. K Y  , li3. KY 30. K Y  100. K Y  
0.0 0.0 0.0 0.0 0.0 0.0 0 ;o. 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0. 0.0 0.0 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0. 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 
0 - 0  0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0. 0.0 0 .0  0.0 ' . 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  
0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 -0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .o.o 0.0 0.0 
0.0 0.0 0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .o.o 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.354E-01 1.8563.-07 1.070B:-22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.515E-04 1.411E-04 1.19UE-04 7.420E-05 l.UC2E-05 1.200E-07 6,9703-15 1.476E-15 0.0 0.0 0.0 
C.0 0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 . o . o  0.0 0.0 0 ; o  
0.0 0.0 0,. 0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 
1.045E-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.516E-04 1.4SlE-04 1.195E-04 7.422E-05 1.UC3E-05 1.201E-07 6.9723-15 1.476E-t5 0.0 0.0 0.0 
0 .,O 0.0 0.0 0.0 0.0 0.0. . 0.0 : 0.0 0.0 0.0 0 .0  
2.171E 00 q .938~-06  3.4983-19 0.0 , 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 
0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 -0 0.0 0.0 0.0 0.0 0.0 0.0 0; 0 0.0 0.0 0 .0  
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.4SOE-18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 , 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0 . 0 .  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.266E-01 1.256E-01 1.2663-01 1.266E-01 1.266E-01 1.2653-01 1.255E-01 1.26UE-01 1.264.E-01 1.249E-01 1.210E-01 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' ,  0.0 0.0 0.0 0.0 
8.566E 03  5.9393-02 5.597E-14 0.0 , 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.27BE-05 4.3713.-38 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9.263E-03 2.5303.-02 5.357E-02 9.618E-02 1.156E-01 1.202E-01 1.232E-01 1.201E-C1 1.197.E-00 1.186E-01 l.lU9E-01 
1.283E O C  1.2.33E 00 1.282E 00 1.281E 00 1.2583 00  1.270E. 00 1.240E 00 1.158E C O  9 . 1SE-01  4.6051-01 4.219E-02 
1.652E 04 1.330E-01 1.243E-13 0.0 0.0 0.0 0.0 , O..O 0.0 . 0.0 0.0 
6.355E 01 4.4133-04 4.152E-16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 ' 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0, 0.0 0.0 
T a b l e  8 . 2  ( c o n t i n u e d )  
. . OUTPUT UNIT = 6 PAGE 39 
DECAY OF PWR STRUCTURAL MATEEIAL WASTE: 33,000 #WD/MT9M ACTIVATICB PRODUCTS 
POWEE= 1.00000E O O I W ,  BURNUP= '.00000E O O I W D ,  FLUX= 1.00E OON/CI**2-SEC 
N B  9'8 
N E l O O  
NC' 9 2  
no 9 3 ~  
nc 9 3  
I C  94  
nc 9 5  
N C  96  
MC 9 7  
MC .98 
I C  9 9  
NClOO 
nc io i  
TC 97  
TC 97R 
TC 99  
TClOO ' 
TClO 1 
R U  96  
R U  97  
R U  9 8  
R U  99  
R U l O O  













R A  106M 















NUCLIDE TAELE: RADIOACTIVITY, .CURIES 
ONE TONNE OF INITIAL HEAVY METAL. AT A REPROC'ESSIAG TINE OF 160 DAYS 
SI+0.05% E , 3. YR 10. YR 30. YR 100. Y R  300. YR 1. K Y  . 3. K Y  10. K Y  30. K Y  100. 'KY 1. MY 
0.0 0.. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 
0.0 0.0 0.. 0 . 0.0 ' 0.0 0.0 0.0 . o . o  0.0 0.0 . 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.5211:-02 2.5233-02 2.519E-02 2.509E-02 2.475E-02 2.3783-02 2.070E-02 1.3933-02 3.4803-03 6.6173-05 6.2693-1 1 0:O 
0 .o 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0. 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 
0.0. 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 . 0.0 0.0 
0.0 . 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0 . 0  ' 0.0 0.0 
4.3205-15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
D.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0. 0.0 0.0 0.0 . 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 ' . 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 
1.056E-03 1.056E-03 1.055E-03 1.0563-03 1.0563-03 1.0553-03 1.0533-03 1.046E-03 1.0223-03 9.578E-04 7.627E-04 U.078E-05 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 ' 0.0 0.0 0.0 0.0 0.0 , 0.0 0.0 . 0.0 0.0 0.0 0.0 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 . 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0;o 
0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0:o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.. 0 3.0 
0 -0 0.0 0.0 .o. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 
4.0601-03 1.6283-11 4.1553-3 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.9992-13 3.812E-14 3.0-E-16 3.2993-22 4.107E-43 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 . 0.0 0.0 0.0 . .  0.0 0.0 . 0.0 0.0 0.0 . 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 
0 -0 0.0 0.0 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0. 0.0 ' 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0' 
2.9998-13 3.8123-14 3.0-E-15 3.2993-22 4.107E-43 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0; 0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.455P-15 6.455E-15 6.4E5E-15 6.4558-15 6.455E-15 6-4553-15 6.4543-15 6.453E-15 6.448E-15 6.434E-15 6.386E-15 5.802E-15 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.. 0 0.0 0.0 0.0 - ' 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 . o . o  
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 
0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0' . o . o  0.0 0.0 0.0 . 0.0 0.0 . 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 , . 0.0 0.0 0.0 0.0 0.0 0.0 
T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT UNIT = 6 PAGE 40 
DECAY OF PWR STRUCTURAL BATERIAL WASTE: 33,000 NOD/UTHH ACTIVATICN PRODUCTS , 
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A G l l O U  
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NUCLIDE TEBLE: RADIIIACTIVITY; CU7IES 
ONE TONNE OF INITIAL HEAYO METAL AT A REPROCESSING"T1YE OP 160 DP.Y5 
SB+0.05R E 3. Y E  10. Y R  30. Y3 190. Y R  300. Y R  1. K Y  3. K Y  10. KY 30. 
5.817E-07 5.723E-07 5.5083-07 4.9383-07 3.3703-07 1.131E-07 2.4803-09 4.5093-14 1.1553-30 0.0 
6.536E-06 6.430l?-OE, 6.1893-06 5.549E-06 3 . 7 3 7 ~ - 0 6  1.271E-06 2.787E-08 5.066E-13 1.298F-29 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
C.267E-06 '4.935E-05 3.6893-10 .5: 8443-13 0.0 0.0 0.0 0.0 0.0 0.0 
6.968E-04 3.335EOE. 2.7733-08 4.3943-17 0.0 0.0 0.0 0.0 0.0 0.0 
6.307E-11 0.0 . 0.0 0.0 0.0 0.0 0.0 ,O. 0 0.0 0.0 
0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 . '0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 , 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.78UE-03 5.417E-04 1.1693-05 2.1673-11 5.61lLE-27 '0.0 0.0 ,O. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 . '0. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 ,o. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 .o. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 - 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.461E-22 0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7.168E-'03 2.875E-1C 1.584E-29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 '0.0 0.0 0.0 
0.0 0.0 0.0 0.0 . o . o  . 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 ,o. 0 0.0 0.0 
0.C 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 , 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.360B 00  9.4993-07 2.713E-22 0.0 0.0 .O.O 0.0 ,O. 0 0.0 0.0 
4.556E 00 9.926E-07 2.8353-22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.644E-16 1.662E-16 1.6623-16 1.6623-1s 1.6623-16 1.6623-16 1.6623-16 1.662E-16 .1.6€23-16 1.6623 
0.0 0.0 0.0 0.0 0,o 0 :o 0.0 0.0 0.0 0.0 
0.0 0;o 0.0 0.0 0.0 0.0 0.0 ,o. 0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0 -0 0.0 0.0 . 0-0 0.0 
0.0 0.0 0.0 0.0 0.0 0 .0  0.0 0.0 0.a 0.0 
0 -0  0.0 0.0 0.0 0.0 ,o. 0 0.0 0.0 0.0 0.0 
0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 3). 0 0.0 0.0 
0.0 . 0.0 0.0 0.0 0.0 ,o.o 0.0 0.0 0.0 0.0 
C.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0  0-0  0.0 . 
0.0 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0-0 0.0 
0.0 0.0 0.0 0.0 0.0 . . 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.485E 02 4 . 7 5 0 ~ - 0 1  9.775E-08 7.6823-2.7 0.0 0.0 0.0 0.0 0-0 0.0 
0.C 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0-0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0-0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0 0-0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0-0  0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.. 0 0-0  0.0 
2.700E 00 7.556E-26 0.0 0.0 0.0 0.0 0.0 0 .0  0-0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0-0 . 0.0 ' 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o..o 0.0 
4.2C6E 03  1.8353 0 2  1.3693-01 1.4513-1I 0.0 O..O . 0.0 0.0 ' O..O 0.0 
T a b l e  8.2 ( c o n t i n u e d )  
OUTPUT UNIT = 6 PAGE 41 
DECAY O E  PWR STRUCTURAL NATERIXL WASTE: 33,000 fiilD/NTHN ACTIVATICN PRODUCTS 
FOWES= 1.00000E O O H W ,  . BURNUP= 1.00000E OONWD,  FLUX= 1.00E 00N/CN**2-SEC 
. . 
NUCLIDE TABLE: RADIOACTIVITY, CURIES 
ONE TONYE OP INITIAL HEAVY METAL-AT A REPROCESSING TINE OP 160 DAYS 
SH+O.OS% E 3. Y R  10. Y R  30. YR 100. Y R  300. YR 1. K Y  3. K Y  10. KY 30. K Y  100. K Y  1. M Y  
T a b l e  B . 2  ( c o n t i n u e d )  
OUTPUT UNXT = 6 PAGE 42 
DECAY O E  PWR STROCTDRAL 1ATEB.IAL WASTE: 33 ,000  HWD/NTB1 . AETIVATICN PRODUCTS 
POWER= 1.00000E 0019 ,  BORNUP= 1.00000E OOUWD,  FLUX= 1.00E OON/C1**2-SEC 
NUCLIDE TAELE: RADIOACIIVITY, CURIES 
ONE TONNE 0 P . I N I T I A L  HEAVY NEThL AT A REPROCESSIIG TIUE (ZP 160 DAYS' 
S8+0.05% F 3. Y R  10. Y R  30. YR 100. Y R  300. YR 1. KY 3. 8KY 10.  KP 30. K Y  100. K Y  1. M Y  
T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT UNIT = 6 PAGE 43 
DECAY OE PPR STRUCTURAL MATERIAL WASTE: 33.000 MWD/NTRN ACTIVATION PRODUCTS 
FOWER= 1.000COE OOMW, BURNUP= 1.00000E OOMWD, PLUS= 1.003 00N/CN**2-SEC 
NUCLIDE TABLE: RADIOACTIVITY, C'JRIES 
ONE TONNE OP. INITIAL HEAVY NETLL AT A REPROCESSING TINE OF 160 DAYS 
SUtO.058 E 3. YR 10. PR 30. Y R  100. Y R  300. YR 1. K Y  3. K Y  . lo.  K Y  30. K Y  100. K Y  
T a b l e  8 . 2  ( c o n t i n u e d )  
f OCTPOT 1JElIT = 6 PAGE 44 
DECAY O F  PAR SIROCTURAL HATERIAL WASTE: 33,000 IWD/IPHN bCTIV ATION PRODUCTS . 
POWER= 1.00000E 0061. BORNUP= 1.00000E O O H W D .  PLOX= 1.00E OON/CH**2-SEC 
NUCLIDE TABLE: RADIOACTIVITY, CUSIES 
ONE TONNE OF INITIAL HEAVY NETAL AT A REPROCESSIHG TINE 3P 160 DA.YS 
s s+o .o sa  F 3. PR 10. YO ~ O . . Y R  loo.  Y E  3g0. YR 1. KY 3. K Y  lo. BY ' 30. KP loo. K Y  I. N Y  
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 -0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. Cl 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0-0 0.0 0.0 0.0 0.0 0.0 0.0 0. @ 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . ca 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 .lo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.724E-03 4.727E-08 1.071E-18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.439E-10 0.0 0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0 -0  0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 .0  0.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 . 3  03.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.3 3.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.1 11.0 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 ..I 0.0 0.0 I. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 I. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 . 13 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0-0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 -0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.001E-20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 0.0 
0 -0 0 . 0 0.0 0.0 0. 0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 
2.9818-20 0.0 0.0 0.0 0 .  0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 
1 -312E-09 1.2lOP-09 1.305E-09 1.2908-09 1.2393-09 l. lOUE-09 7.365E-10 2.320B-10 4.01 0E-'2 3.9133-17 1.0793-34 0.0 
0.0 0.C 0.0 0.0 Cl. 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 - c  0.0 0.0 C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.3 0.0 0.0 0.0 0.0 0.0 D. 0 0.0 0.0 0.0 0.0 
0.0 0.1 0.0 0.0 C.0 0.0 0.0 I). 0 0.0 0.0 0.0 0.0 
0.0 0.1 0.. 0 0.0 0.0 0.0 0.0 3.0 9.0 0.0 0.0 0.0 
3.0 0.3 0.0 0.0 (10 0.0 0.0 3.0 0.0 0.0 0.0 0.0 
I. o 0.3 0.0 0.0 a 0 0.0 0.0 I. o 0.0 0.0 0.0 0.0 
1.0 o -1) 0-0 0.0 a 3 0.0 0.0 I. o 0.0 0.0 0.0 0.0 
4.809E-14 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 
0.0 0.a 0.0 0.0 0.0 0.0 0.0 d. 0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.712E-10 4.658E-13 4.817E-19 3.815E-36 0.0 3.0 0.0 m. 0 0.0 0.0 0.0 0.0 
0.0 0 . 0 0.0 0.0 0.0 I. 0 0.0 0.0 0.0 0.0 0.0 0.0 
2.842E-12 9.€218-13 7.6863-14 5.6233-17 5.954E-28 J.0 0.0 (1.0 0.0 0.0 0.0 0.0 
I . Q U ~ B - ~ U  O.C 0.0 0.0 0.0 3 .0  0.0 a. o 0.0 0.0 0.0 0.0 
0.0 0. C 0.0 0.0 0.0 41. 0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.C 0.0 0.0 0- 0 0.0 0.0 G. 0 0. C. 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 C. 0 0.0 0.0 0.0 0.0 
C. 0 0.0 0.0 0.0 0.0 0.0 0.0 C. 0 0.0 0.0 0.0 0.0 
C.0 0.0 0.0 0.0 0.0 0.0 0.0 C. 0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 a. 0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 o. o 0.0 a 0  0.0 0.0 0.0 0.0 
T a b l e  8.2 ( c o n t i n u e d )  , 
OUTPUT UNIT = 6 PAGE 4 5  
DECAY OE PRR STRUCTURAL NATE3IAL WASTE: 33,000 UUD/ITHM ACTIVATICN PRODUCTS 
POWER= 1.00000E OCIP, BURNUP= 1.00000E O O N U D ,  FLUX= 1.00E 00N/CM**2-SEC 
FLCLIDE TABLE: RADIOACTIVITY, CURIES 
ONE T3NNE OP INITIAL HEAVY NETAL AT A REPROCESSING TIUE OP 160  DAYS 
S1+0.05% F 3. YR 13. YR 30. YR 100. Y R  300. Y R  1. K Y  3. K Y  ' 10. K Y  30. K Y  . 100. K Y  1. U Y  
T a b l e  8 . 2  ( c o n t i n u e d )  
OUTPUT UFlT = 6 PAGE 46 
DECAY OP E U R  STRUCTURAL NATE3IAL WASTE: 33,0011 BW3/N'I%N ACTIVATION PRODUCTS 
POWEB= 1.00000E O O H U ,  BURRUP= 1.00000E OONUD,  FLUX= 1.003 OON/Cl!**2-SEC . 
OS190N 
OS191 


















































NUCLIDE TABLE: RADIOACTIVITY, CURIES 
ONE TONNE OP INITIAL HEAVY METAL AT A REPROCESSIRG TINE OF 160 DAYS 
Sfl40.051 E 3. Y R  11. Y R  30. YR 100. YR 300. YF 1. K Y  3. K Y  10. K Y  30. K Y  100. K Y  1. MY 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9.7C6E-06 3.7593-27 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.2C8E-11 2.9763-11 1.3253-11 1.3153-12 4.0453-16 3.7383-26 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.663E-04 2.6553-08 2.58EE-09 2.442E-09 1.9971-09 1.1233-09 1.5003-10 4.772Z-13 8.6123-22 0.0 0.0 0.0 
2.66CE-09 2.6373-09 2.58UE-09 2.440E-09 1.995E-09 1.1223-09 1.U99E-10 4.7683-13 8.6053-22 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.210E-11 2.9773-11 1.3253-11 1.3163-12 4.046E-16 3.7393-26 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 - 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1.545E-08 1.538s-08 1.5233-08 1.4823-08 1.3USE-08 1.0193-08 3.8613-09 2.4131-10 1.473E-14 1.34OE-26 0.0 0.0 
3.663E-17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0 -0  0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.391E-24 0.0 0.0 0.0 0.0 0 -0  0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 - 0  0.0 0.0 0.0 0.0 0.0 0-0  0.0 0.0 0.0 0.0 
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0-0  0.0 0.0 0.0 0.0 
0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0-0  0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.435E-31 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2.2423-29 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 
0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0 .0  0.0 0.0 0.0 0.0 0.0 0-0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 - 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0 .o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8.5961-12 8.5963-12 8.5963-1; 8.5953-12 3.5953-12 8.5953-12 8.5943-12 8.590E-12 8.5763-12 8.5363-12 8,3993-12 6.8223-12 
8.609E-20 8.6093-20 8.609B-2G 8.6093-20 8.6093-20 8.6093-20 8.609E-20 8.6098-20 8.6092-20 8.6093-20 8.6093-20 8.6093-20 
9.130?-13 9.1303-13 9.130B-13 9.1303-13 3.1303-13 9.1303-13 9.1302-13 9.129E-13 9.1283-13 9.1243-13 9.1093-13 8.9213-13 
0.0 0.3 0.0 0.0 3.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 
0.0 0.3 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.3 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0. J 0.0 0.0 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T a b l e  8.2 (continued) 
OUTPUT UNIT = 6 PAGE 47 
D E C A Y  O F  P W R  STRUCTURAL M A T E R I A L  WASTE: 33,000 nwD/nrsn ACTIVATICN PRODUCTS 
POWE!?= 1.00000E JOHW, BURNUP= 1.00000E OOMWD, FLUX= 1,.00E OON/CCI*+2-SEC 
SUCLIDE TABLE: RADIOACTIVITY;  C U R I E S  
ONE 'TONNE OF INITIAL HEAVY M3TAL AT A REPROCESSIYG TIME OF 160  DAYS 
SU+O.OS% F 3. YR 10. PR 30. YR 100. Y R  300. Y R  1. K Y  3. K Y  10.  KY 30. K Y  100 .  K Y  ' 1. fly 
8 1 2 0 8  
8 1 2 0 9  
BIZ10 
B I i l O l  
BIZ1 1 
PC210 





















































T a b l e  8 . 3 .  Sample  O E I G E N E  e l e m e n t  r a d l o a c t i v i t - #  t a b l e  
OUTPUT UYIT = 6 PAGE 4 8  
DECAY OE. PWR STFUCTURAL IATERIAL WASTE: 33,COO MWD/MPHH 
I 
ACT IVATICN FEODUCTS 
POWER= 1.00000E O O t . W ,  BURNUP= 1.000003 O O H l D ,  FLUX= 1.005 00N/CH**2-SEC 
ELERENT TABLE: RADIOACTIVITYI CURIES 
CIE TONNE OF INITIAL HEAVY NETAL AT A REPROCESSING TIRE 33 160  DAYS 
SH+0.05% F 3. YR 10.  YR 30. YR 100.  Y R  300. YR 1. K Y  3. K Y  10. K Y  30.  K Y  100. R Y  1. MY 
T a b l e  8 . 3  ( c o n t i n u e d )  
OUTPUT UNIT = 6 PAGE 49 
DECAY OF PWR STRUCTURAL UATE:RIAL WASTE: 33,000 MWD/RTHA ACTIVATION PRODUCTS 
POPER= 1 .000003  0011. BURNUP= 1.000003 OOMWD,  FLUX= 1.003 OON/CM**2-SEC 
ELEMENT TABLE: RACIOACTIVITY, CURIES 
O N E  TOINE.OP  INITIAL A E A P P  METAL AT A REPROCESSING TIME OF 160 DAYS 
SU+O.O5R F .3. Y R  70. YE 30. YR 100. YR 300. YR 1. RY 3;'RY 10. K Y  30. UP 100. K Y  1. i4Y 
1 0  
E R 
T n 















T a b l e  8 . 4 .  Samp-e O E I G E N Z  summary n u c l i d e  r a d i o a c t - i v i t y  t a b l e  
OUTPUT UNIT = € PAGE 50  
DECAY O F  PWR STRUCTURAL MATERIAL WASTE: 33,000 NRD/ATHM ACTIVATICN PRODUCTS 
POWET= 1.00000E COMP, BURNUP= 1.00000E.OOMWD, FLUX= 1.00E OOR/CM**2-SEC 
E U M A A R Y  TABLE: RADIOACTIVITY, CURIES 
ONE TONNE OP INITIAL HEAVY n3TAL AT A REPROCESSING TIME OF 160 CAYS 
SU+0.05% F .  3. YR 10. Y R  30. Y R  100. .?R 300. YR 1. K Y  '3.. K Y  10. KY .30. K Y  100. K Y  1. M Y  
TCTAL 
T a b - 2  B . 5 .  Sample  ORIGENZ summary e l e m e n t  r a d , i o a c t i v i t y  t a b l e  
OUTPUT UNIT = 6 PAGE 51 
DECAY 01 PWR STRUCTURAL MATBRIAL WASTE: 33,000 lWD/ATHl ACTIVATION PRODUCTS 
POWER= 1.OCOOOE O O N Y ,  BORNUP=' 1.COOOOE O O M W D ,  FLUX= 1,003 OON/CH+*2-SEC 
SUHHARY TABLE: RXDIOACTIVITY, CURIES 
ONE TONEE OP INITIAL B E A V Y  PIETAL AT A REPROCESSING TINE OF 160 DAYS 
SIl+0,05X T 3. Y R  10. YR 30. YB 100. Y R  300. Y R  1. .KY .3. K Y  10. 'KY 30. K Y  100. .KY ' 1. fly 
TC'IAL 4.667E 00 8.7771 03 3.1553 03 6.7433 02 3.1633 02 7.5983 01 7.802E 00 7.0961 00 6.1693 00 U.70UE 00 2.4463 00 1.5781-01 







Appendix B . 3 :  Sample Neutron Product ion  Rate  Tables  - 





PAGE 5 2  OUTPUT UNIT = 6 
DECAY OP PWR STRUCTURAL MATERIAL WASTE: 33,000 NWD/MTRM 
(ALPAA,N) NEUTRON SOORCE, NEUTRONS/SEC 
ONE 10613  OF INlTIAL HEAVY 1ETAL AT A REIROCESSING TINE OF 160 DAYS 
SC+O.O5% P 3. YR 10. Y R  30. Y R  100. Y R  300. Y R  1. R Y  3. K Y  10. K Y  30. K Y  100. K Y  1. MY 
T a b l e  3 . 7 .  Sample  O R I G E N 2  s p o n t a n e o u s  f i s s i o n  n e u t r o n  p r o d u : t i o n  t a b l e  
OUTPUT UNIT = 6 PAGE 53 
D3CAY OF' PUB STRUCTURAL HATERIAL WASTE:. 33,000 HWD/HTAH 
SPONTBNEOUS FISSION NEUTRON SOUBCE, NEUTRONS/SEC 
BASIS= ONE TONNE OF INITIAL REAVP METAL AT A REPROCESSING TIME OF 160 DAYS 
SltO.OSX F . 3. PR 10. Y R  30. YR 100. Y R  300. YR 1. K Y  3. X Y  10. K Y  30. K Y  100. K Y  1. MY 
.......................................................................................................................... 
TC'IALS 
TAELE 1.727E 05 9.7423 04 7.*573 04 3.5843 04 4.430E.03 2.020E 03  1.8803 03 1.5863 0 3  9.6463 02 5.0373 02 3 , 9 8 2 3  02 8.449E 0 1 .  . 




TAELE' 1.757E 05 1.0283 05  8.0421 04 4.2203 04 9.9612 0 3  5.6423 03 3.3973 0 3  2.1603 0 3  1.300E 03 6.3233 0 2  4.2753 02  1.000E 02 
A C T U A L '  . 1.7i7.E 05 1.0283 05  8.0423 04 4.220E 04 9.9613 0 3  5.6423 03  3.3973 0 3  2.1603 0 3  1.3003 03 6.3233 02  4.2753 02 1.000E 0 2  
LEFT BLANK 
Appendix B.4: Sample Photon Production Rate Tables 
T a j l e  8 . 8 .  S a m p l e  O R I G E N Z  a c t i v a t i o n  p r o d u c t  p h o t o n  t z b l e  
OUTPUT U l I T  = 1 1  
PROTCB S P E C T R U l  FOR 4CTIVBTIOR PBODgCTS 
DECAY O F  P a R  STRUCTUSAL MATERIAL WASTE: 2 3 , 0 0 0  NUD/IT83 
POQER= 1 . 0 0  MU, BORNUP- 1. flRD, FLUX= 1 . 0 0 E + 0 0  N/=M**2-SEC 
18 GROUP PROTON RELERSE R I T E S ,  PAOTONS/SECOAD 
B A S I S =  ONE TOHUE OF I N I T I A L  HEAVY i lETAt  AT A SEPROCESSITIG T I N E  O F  1 6 0  DAYS 
EOEAN 
TOTLL 
l8GROUP S P E C I F I C  ERIRGY S E I E A S E  RLTES, HEV/WATT-SEC 
BASIS= O N E  TONHE OF INITIAL H E A V Y  METAL AT A SEPROCESSTNG e x n E  OF 160 ~ A Y S  
EOEAN 
TOTAL 
Table 8.8 ( c o n t i n u e d )  
OJTPUT ONIT = 11 
PRINCIPAL PROTOW SCURCES I N  G R O Y D  l.DROTONS/SEC 
A E A N  ENEF,GY= O.01SMEV 
s~~+o..os% P 3.0111 1 0 . 0 ~ ~  3 0 . 0 ~ ~  1 0 0 . 0 ~ 9  3 0 0 . 0 ~ ~  1. O K Y  ?.OKY 1O.OKY 30.OKY 100.OF.Y 1.0:Y 
PRINCIPAL PHCTON SOUFCES I N  G R O U I  2,PLiOTONS/SEC 
NEAl ENEfiGY= 0.025M5V 
N U C L I D E  ' 
S U + C . O ~ %  P 3 . 0 ~ ~  1 0 . 0 ~ ~  3 0 . 0 ~ ~  1 0 0 . 0 ~ ~  3 0 0 . 0 ~ 3  1.OKY 3.OKY 13.OKY 30.OKY 100.OKY I .  O M Y  
PRINCIPAL PACTOX SOURCES I N  GEOUI 3.?HOTONS/S!?C 
MEAN ENEEGY= 0.038NEV 
NUCLIDE 
s n t 0 . 0 ~ ~  P 3 . 0 ~ ~  I O . ~ J Y R  3 0 . 0 ~ ~  1 0 0 . 0 ~ 9  3 0 0 . 0 ~ ~  1 . 0 ~ ~  L O R Y  IO.OKY 3 0 . 0 ~ ~  1 0 0 . 0 ~ ~  1 . n ~ ~  
T a b 1 2  8 . 8  ( c o n t i n u e d )  
OUT?OT OYIT = 11 . PAGE 5 3  
R.330Et l l  5.70UEtO6 6.265E-06 0.0 0.0 0 - 0  0.0 0.0 0 .O' 0.0 0.. 0 0.0 
3.U06Et05 3.406E+05 3.U06Et05 3.U06Et05 3 .405 f t05  3.UC3E+05 3.3952+05 3.37:E+05 3.297B-05 3.OR9Et05 2.U60Et05 1.'15Z+OU 
2 . 2 3 2 ~ t l l  6 . 2 3 8 ~ * 0 €  6 . 8 6 1 ~ t 0 2  6 . 4 8 2 ~ - 1 5  0.0 0.0 0.3 0.0 0 .0  0.0 0.19, 0.0 
6.226Et12 i .939Et12  5.0988t11 3.U19E+O?t3.U39Xt01 0.0 0.0 0.0 0 . O  0.0 0.0 0.0 
3.050E+12. 1 .U78Et l i  2.563Et11 1.719E+OF 4.2423+01 0.0 0.0 0.0 0 - 3  . . 0.0 0.0 0.0 
P F I N C I P A L  ?HOTOF SOURCES I N  GBCOP U,PAOTONS/S!?C , 
? 1 k N  ENFFGY= 0.058KZV 
PECNCIPAL FHCTON SOUSCFS I N  GROJP 5,PHOTORS/SFC 
N3AN ENEFSY= O.'J85AEV 
T a b l e  8 . 8  ( ' c o n t i n u e d )  
OUTPUT OIIT = 11 PAGE 54 
PRINCIPAL PRCTON SOURCES TN G90UP 6, PBOTONS/SEC 
REAN ENESGY= 0.125EEV 
NUCLIDE 
S ~ + O . O ~ X P  3 . 0 ~ 8  10-OYR 3 0 . 0 ~ ~  1 0 0 . 0 ~ ~  3 0 0 . 0 ~ ~  1. O K Y  3 . 0 ~ ~  1 0 . 0 ~ ~  3 0 . 0 ~ ~  1 0 0 . 0 ~ ~  i . r ) n ~  
1.517E+03 1.5163+03 1.516E+03 1.516E+03 1.5163+03 1.. 5155+03 1.513E*03 1.506E+03 l.u92E*03 1.415E+03 1.205E+O3 1 .516t+02 
2.303E+11 5.0313+06 6,715E-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 
2.415E+ll  1.6283+11 6-482Eb10 0.669E+09 4.'6832+05 1-7612-06 0.0 0.0 0.0 0.0 0.0 0.J 
4.859E+11 3 . 3 9 7 ~ + 0 6  3 .175~-06  0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.3 
1.238E+OP 1.238E+Oe 1,238Et08 1.2375+09 1.234E+08 1,226E+08 1.197?*08 1.11 SE+08 P.JOlE+07 0 .  UU6E+07 4.073?+06 1.91 8E-07 
U.727E+04 U.726E+OU 4.726E+OU .4.726E+04 4.725E4OU 4.722E+04 4.71 lE+OU 4.68 lE+OU 4.5753+04 4.287E+OU 3.4145+04 1.9258+03 
i . i 9 s ~ + i i  3 . 3 u o ~ + o e  3 . 6 7 3 ~ 0 2  3 . ~ 7 0 ~ - 1 5  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
2 .351E+l l  l . l l O E + l l  1.925E*10 1.291E+08 3.1865+00 0.0 0.0 0.0 0.0 0; 0 0.0 0.0 
3.1533+10 1.527E+10 2;648E+09 1.7763+07 4.383E-01 0.0 . 0.0 0.0 0.0 '0.0 0.0 0.0 . 
7.813E+11 1.2961+04 9-0863-15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9.232E+10 1.250E+Oe 2.830E*03 2.90UE+03 2.80UEt03 2.8043+03 2.90UE+03 2.80UE+03 2.8023+03 2.799E+03 2.783E*03 2.597E+03 
PRINCIPAL PACT010 SOURCES I N  GBCOP 7,PROTONS/SEC 
NEAN ENEEGY= 0.225NEV 
NUCLIDE 
SU+O.OS% P ' 3-0Yf 1O.OYR 30.OYR 100.OYR 300.OYR 1. O K Y  3.OKY 1O.OKY 30.OKY 100.ORY 1.919: 
PRINCIPAL PRCTOII SOURCES I N  GROUP 8,PROTONS/SEC 
UEAY ENESGY= 0.375UEV 
NUCLIDE 
SI+O.05% P 3.OYR 10.3YR 30.OYR 100.0YII 300.OY9 1. D R Y  3. O R Y  
T a b l e  8 . 8  ( c o n t i n u e d )  
OUT2UT UNIT = 11 PAGE 5 5  
PKINCIPAL PHmON SOURCES I N  G E D U ?  9.PSOTOIS/SEC 
BEAN ENEE:Y= 0.575!IQV 
NUCLIDE. 
, ~1140.05% P 3 . 0 ~ ~  1 0 . 0 ~ ~  3 0 . 0 ~ ~  - 1 0 0 . 0 ~ ~  3 0 0 . 0 ~ ~  1 . O K Y  3.OKY 10.0KY 30.OKY 100.OKY l.O?IP 
PZfNCIPAL PSOR)!4 SOURCES I N  G6CU7 lO,PHOTOHS/SEC 
'9EAN ENE66Y= 0.850HEV 
NUCLIDE 
s n + o . o s x ~  3 . 0 ~ ~  .'IO.OYF 3 0 . 0 ~ ~ .  1 0 0 . 0 ~ ~  3 0 0 . 0 ~ ~  I. O R Y  
PTINCIPAL 'HOT39 SOURCES I Y  G m J  Il.DROTOUS/SEC 
dEAN ENERGY- 1.2501EV 
BUCLIDE 
S l * 0 . 0 5 % P  3.OY6 10.OYR 30.OYB 100.OY9 300.OYR' 1.0KY !.OKY 10-QKY 30.OKY 100.OF.Y 1. @IF 
T a b l e  8 . 8  ( c o n t i n u e d )  
OUTPUT U N I T  = 11 
CO 6 0  
Y 90 
se 1 2 4  
312 i o n  
NUCLIDE 
P R I N C I P A L  PHOTON SOUSCES I N  GROUP 13 ,PHOTONS/SEC 
NEAN ENEEGY= 2 .250NEV 
S!4+.1.05% P 3 . 0 1 5  10.*lYR 39.OYR . 1 0 0 . O Y R  300.OYR 1. OKY 3.OKY ' 1O.OKY 30.OKY 1 0 0 . O K Y  1.OIYY 
P R I N C I P A L  P H O M T  : jOORCES I N  GBOUP lU ,PHOTONS/SEC 
NEAN ENEEGY= 2 .750NEV 
P R I N C I P A L  PHOTON SOURCPS I N  GXOUP 




' P R I N C I P A L  PHOTON SOURCES 
OEAN ENE,FGY= 7.0.10flEV 
GROO P  
P R I N C I P A L  PHOTOU SOURCES I N  GROUP 18 ,PHOTONS/SEC 




A P P E N D I X  C: SAMPLE O R I G E N 2  TABLE O F  CONTENTS 
(OUTPUT OUNITS i 2  AND 1 3 )  
T a b l e . C . 1 .  S e m p l e  O R I G E N Z  t a b l e  o f  c o n t e n t s  f o r  u n i t  6 
PAGE 





1 0  
1 1  
12 
TAELE OF CONTEZTS 08 UNIT = 12 FOR OUTPUT U N I T  = 6 
I N P U T  ECHO; READ ON 5 L I S T  ON 6 COFY TO 5 0  
NEUTRON Y I E L D  PER NEUTRON-INDUCED F I S S I O K  
(ALPHA,N) NEUTRON YIELD PER F I S S I O N  
SPONTANEOUS F I S S I O N  NEUTR33 Y I E L D  PER P I S S N  
INDIVIDUAL ELEMENT FRACTI3NAL EECOVERIES 
GROUP ELEMENTAL FRACTIONAL RE::CsVEBIES: 
ELEBENTAL ASSISNNHENT TOP%AC '3ECGROUP 
ELEiiENTAL CHEMICAL T O X I C I T I E 3  
ORIGEN INSTRUCTIONS POR T H I S  CASE 
NUCLIDE DITA L I B R A R I E S  
DEFAY DATA LIBRARY-------- 
DECAY DATA LIBRARY-------- 
DECAY DATA LIBRARY-------- 
S R O S S  SECTION LIBRARY----- - - - - - - - - 
=ROSS SECTION LIBRARY----- 




L I G H T  NUCLIDE DECAY LIBRARY 
h C T I N I D E  DECAY LIBRARY 
P I I S 3 1 0 8  PRODUCT DECAY LIBKABY 
ST3UCTURkL HATERIAL 6 ACTIVATION PB33UCT Z S E  LIBRARY--PWR.U 
bCfINI.DE AND DAUGHTER NUCLIDES XSEC LIBRLEY--PIIR.U 
F I S S I O N  PILODUCT XSEC AND Y I E L D  LIBE.L3Y--PFE.U 
UPDBTED PHOTON LIBRARY: ACTIVRPION PEODUCTS 
UPDBTED PHOTON LIBRARY: A C T I N I D Z S  AFE DRUGHTERS 
UPDATED PHOTON LIBRARY: P I S S I O I  PROCECTS 
O W P U T  TABLES--TITLE= I R R A D I A T I O N  OB ON3 METRIC TON OF PWRU FUEL RECYCLE R = 0 
E E A C T I V I T Y  AND BURNUP DATA 
*RCTIVATION PRODUCTS*****AI'TIVIIIOR,P83DDCTS*****ACTIVATION P R O D C C T S * ~ * * i C T I V A T I O R  PRODUCTS**** 
CONCENTRATIONS, GBAMS SUllCARY TABLE: 
EBDIOACTIVITY,  C U R I E S  N l C E I D E  TABLE: 
' BBDIOACTIVITY,  C U R I E S  , 3LZOENT TA3LE: 
RADIOACTIVITY,  C U R I E S  SiJlFlARY TA3LE: 
* A C T I N I D E S  + DAUGBTERS***ACPIRXIXES + DBUGHTERS***ACTINIDES + DAU(;ATEfiS***AtTINIDES + DAUGHTERS** 
ODNCENTRATIONS, GRAiiS SQLKARY TA3LE: 
r p I S S I O N  PRODOCTS********PTSSIoN PR,ODUCTS********PISSIOB PR@DUCTSp****=**PISSION PRODUCTS******* 
ClNCENTRATIONS,  GRAMS SUPYLiRY TABLE: 
(BLPHA,N) NEUTRON SOURCE 
SPONTAAEOOS P I S S I O N  NEUTROL' SOCRZE 
L I T E  NUCLIDE PROTON TABLE 
A C T I N I D E  NUCLIDE P30TON TAELE 
F I S S I O N  PRODUCT NUCLIDE PHCTON TABLE 
OUTPUT TABLZS--TITLE= I R R A D I A T I O N  OP Z I R ~ A L O Y ~  I N C O N E L  + NICROBRAZE 50 A T . I U O %  E L U X  RECYCLE R = o 
REACTIVITY AND BURYUP DATA 
*hCTIVATION PRODUCTS*****A~IVAi l ' ION PRODUCTS*****ACTIVATION PRODOC?S*****ACTIVATION PRODUCTS**** 
CONCENTRATIONS, GRAMS SDXIhRY TABLE: 
RLDIOACTIVITY,  C U R I E S  NUCLIDE TAHLE: 
RPDIOACTIVITY,  C U R I E S  ELE!IENT TABLE: 
REDIOACTIVITY,  C U R I E S  SUY !ILRY TABLE: 
* A C T I N I D E S  + DAJGBTERS***ACCINI>ES + DALIGHTERS***ACTINIDES + D A U G t P E R S ~ + A C T I Y I D E S  + DAUGHTERS** 
CCACEATRATIONS, 6RP.MS SUYMARY TABLE: 
* P I S S I O N  PRODUCTS********PIjSIOI PRODUCPS1'*******FISSIOY P R C D U C T S ~ * * * * * * + P I S S I O N  PRODUCTS******* 
COACENTRATIONS, GRAMS SUIUBRY TABLE: 
(B?.PHA,N) NEUTRON SOURCE 
SPONTANEOUS P I S S I O N  NEUTRON SOQLCE 
T a b l e  C.l ( c o n t i n u e d )  
TA3LE OF CONTENTS ON UNIT = 12 FOR OUTPUT U N I T  = 6 
LITE NUCLID3 PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOTON TABLE ' ' 
ORiGEN IBSTRUCTIONS FOR T H I S  CASE 
OUTPUT TABLES--TITLE= DECAY O F  HIGH-L3VEL PUR-U WASTE; BURNUP=33,000  MWD/MTIHM RECYCLE # = 0 
REACTIVITY fiND BURNUP DATA 
*ACTIVATION PRODLICTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS*****ACTIVATION PRODUCTS**** 
CONCENTHATIONS. GRAUS SUMUARY TABLE: 
RADIOACTIVIFY, C U R I E S  YUCLIDE TABLE: 
RADIOACTIVITY, C U R I E S  ELEMENT TABLE: 
RADIOACTIVITY, C U R I E S  SUMMARY TABLE: 
*ACTINIDES + DAUGHTERS***ACTINIDES +,DAUGHTERS***ACTINID3S + DAUGHTERS***ACTINIDES + DAUGHTERS** 
CONCENTRATIONS, ;RAMS SUAMARY TABLE: 
* F I S S I O N  PRODUC?S********FISSION PRODUCTS********PISSION PRODUCTS********PISSION PRODUCTS******* 
CONCENTRATIONS, GRAMS SUUMARY TABLE: 
(ALPHA,N) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  NEUTRON SOURCE ' 
L I T E  NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOMN TABLE 
OUTPUT TABLES--TITLE= DECAY O F  PWR STRUCTURAL MATERIAL WASTE: 33,DOO MWD/MTHN RECYCLE ll = 0 
REACTIVITY AND BURNUP DATA 
*ACTIVATION PBODOCTS*****ACTIVATION PRODUCTS?****ACTIVATfon PRODUCTS*****ACTIVkTION PRODUCTS**** 
CONCENTRATIONS, GRAMS SUAMARY TABLE:' 
RADIOACTIVITY, C U R I E S  NUCLIDE TABLE: 
RADIOACTIVITY, C U R I E S  ELEMENT TABLE: 
. RADIOACTIVITY, C U R I E S  SUMMARY TABLE: 
*ACTINIDES + DAiJGHTERS***ACTINIDES 4 DAUGHTERS***ACTIIIDES + DAUGHTERS***ACTINIDES 4 DAUGHTERS** 
CONCENTRATIONS, GRAMS SUHflARY TABLE: 
* F I S S I O N  PBOD~CTS********PISSION PRODUCTS********FISSION PRODUCTS********PIS,SION PRODUCTS******* 
CONCENTRATIONS, GRAMS SUMMARY TABLE: 
(ALPHA.B) NEUTBQN SOURCE 
SPONTANEOUS F I S S I O N  NEUTRON SOURCE 
L I T E  BUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON TABLE 
F I S S I O N  PRODUCT NUCLIDE PHOTON TABLE 
PAGE 
T a b l e  C . Z .  S a m p l e  O R I G E N Z  t a b l e  o f  c o n t e n t s  f o r  u n i t  1 1  
TABLE OF CONTEFTS ON UNIT = 13 FOR OUTPUT U N I T  = 11 
OUTPUT TRBLES--TITLE= DECAY OF HIGH-LEVEL PUB-U Y ASTE; BURNUP=33,000  NUD(flT1Hfl RECYCLE # = 0 
REACTIVITY AND BURNUP DA'IA 
*ACTIVATION PRODUCTS*****ACTIVATION IRODUCTS*****ACTIVATION PRODUCTS****+ACIIVATION PRODUCTS**** 
CONCENTRATIONS, GRAMS SU,MMARY TABLE: 
RADIOACTIVITY, CURIES CUCLIOE TABLE: 
RADIOACTIVITY, C U R I E S  ELEAENT. ?ABLE: . 
RADIOACTIVITY, C U R I E S  SU.HHARY TABLE: 
*ACTINIDES + DAuGHTERs*~+AC"IN~IDES + DAUSHTERS***ACTINIDES + DAUGHTERS***ACIINIDES + DAUGHTERS** 
CONCENTRATIONS, GRARS SIII(flARY TABLE: - 
* F I S S I O U  PRODUCTS*******aPISSION PRO3UCTS********FISSION PRODUCTS**+*****PISSION PRODUCTS******* ' 
CONCENTRATIONS, GRAMS S[WMP.RY TABLE: 
(ALPHA-N) NEUTRON SOURCE 
SPONTANEOUS F I S S I O N  NEUTSOR SOURCE 
L I T E  NUCLIDE PHOTON TABLE 
ACTINIDE NUCLIDE PHOTON ?I ABLE 
F I S S I O N  PRODUCT NUCLIDE EAOTGN TABLE 
OUTPUT TABLES--TITLE= DECAY O F  PUS SZRKTURAL MAPERIAL RASTE: 3 3 , 0 0 0  MWD/ITHM RECYCLE R = 0 
REACTIVITY AND.BURNUP DATA 
*ACTIVATION PBODUCTS*****AC?IVATION PRODUCTS*****ACTIVATION PRODUCTS***~AC'PIVATION PRODUCTS**** 
COYCENTRATIONS, GRAMS S.UNFIARY "ABLE: 
RADIOACTIVITY, C U R I E S  NUZLIDE TABLE.: 
APPENDIX D : SAMPLE ORIGEN2 VARIABLE CROSS- SECTION I N F O W T I O N  
(OUTPUT UNIT 16) 
IRRACIATIOS OP ONE HETRIC TON OF PWfiU PV,EL RECYCLE # = O UNIT= 16 
BASIS = ONE RETRIC ?ON OF PWRO POEL 










, 9 942390 
10  942390 
11 942400 
1 2  942410 
1 3  942010 
1 4  942420 
1 5  952410'  
1 6  952410 
1 7  952430 
1 8  952430 




























































1.9813 01  













1.2253 02  




























5. 436E 00 
3.4083 00 
PP YIELD LDJCS'IIENT FOR UNCONNECTED LCTIYIDES: CONIECl'3D ACT=922350LARGEST UNCONNECTED LCT=9223EONEI RRTIO = 1.0002623 
CLD RATIO = 1.0000954 PI' YIELD I N  A = U.86107E-17 
IRRACIATION OF ONE METRIC TON OF PURO POEL RECYCLE # = 0 ONIT= 16 
' BRSIS = ONE UETRI: TOW OF PURO FUEL 
INITIAL VECTCS = 5 TOTAL Rm G - X  = 4.159E 03 U Y D / G - A  =' 2.3963 0 0  TO 3.598E 00 ANTICIPATION PACTOR= 1.502E 00 
L NOCLID XSEC TOCAP(1) AIN) PP YIELD PISS( J )  A(N) TOCAP(1) A(N) . PISS (J) OLD NEW 
TYPE .I = !I= I N D I C  A R R  PP YIELD XSEC . XSEC 
1 9 2 2 3 4 0  1 .  750 1536 0 6 6 5'.708E-09 1.977E 01 3.578E-14 4.50UE-01 1.936E 01 1.9323 01 
2 922350 1 751 1701 0 6 7 3.049E-09 5.5623, 01 3.578E-14 4.530E 0 1  1.020E 01 1.032E 01 
3 9 2 2 3 5 0  4 751 . 0 1 67 7.8633 6 5  5.630E 01 8.928E-21 U.598E 01  4.530E 0 1  4.598E 01 
4 9 2 2 3 6 0  1 752 1504 0 , 6 8  2.2623-09 7.856E 00 8.928E-21 1.975E-01 7.739E 00 7.6563 00 
5 922380 1 754 1709 0 7 0 2.6373-10' 9.98UE-01 8.928E-21 1.OCOE-01 8.8933-01 8.924E-01 
6 922370 1 761 1725 0 7 7 9.7303-09 3.3USE 01 8.928E-21 5.24UE-01 3.260E 01 , 3.293E 01 
7 942380 1 769 1'919 0 8 5 9.907E-09 3.592E C1 8.9283-21 2.394E 00 3.278E 01 3.353E 01 
8 942380 4 769 0 0 85 7.863E 65 3.5903 01 8.9283-21 2.416E 00 2 .394E00  2.41.6E 00 
9 942390 1 770 1356 0 8 6 1.869E-08 1.772E 02 8.9283-21 1.140E 02 6. U86E 0 1  6.32UE 01 
10  942390 4 770 0 2 8 6 7.8632 65  1.754E 02 U.092E-19 1.122E 02 1.140E 02 1.122E 02 
1 1  942400 1 771 1761 0 8 7 U.487E-08 1.52UE 02 4.0923-19 5.8403-01 1.820E 02 1.518E 02 ' 
1 2  942410 1 772  1165 0 8 8 1.171E-08 1.5963 02 4.092E-19 1.200E 0 2  ' 3.981E 01 3.96UE 01 
1 3  942410 U 772 0 3 88  7.8633 6 5  1.5963 02 1.115E 01 1.200E 02 1.200E 0 2  1.200E 02 
1 4 9 4 2 4 2 0  1 ' 773  1767 0 8 9  8.7151-09 2.995E 01 1.115E 01 4-579E-01 . 2.9623 0 1  2.949E 01  
1 5  952410 1 780 1794 0 96 3.1383-08 1 .208E02  1 . 1 1 5 E 0 1  1 .319E00  1.078E 02 1 .062E02  
1 6  952410 2 780 1182 0 96 3.8783-09 1.206E 02 1.115E 01  1.319E 00 1.332E 01 1.312E 01 
i 7  952430 1 7 8 3  1190 0 99 5.6583-10 3.8212 01 1.115E 01 3.571E-01 1.891E 00 1.915E 00 
1 8  952430 2 783  lT88  0 99 1.075E-08 3.8653 01 1.115E 01 3.571E-01 3.594E 0 1  3.6383 01 
1 9  962420 1 ' 789 1797 0 105  1.610E-09 5.668E 00 1.115E 01 2.20UE-01 5. 436E 00 5.448E 00 
20 962440 1 791 1303 0 107 -1.010E-09 U.271E 00 1.115E 01 8.5293-01 3.4082 0 0  3.418E 00 
PP YIELD ADJCSIUENT FOR ONCONNECT'?D ACTINIDES: COKUECTED ACT=922350LARGEST UNCONNECTED ACT=922360NEU RATIO, = 1.0004616 




A P P E N D I X  E :  SAMPLE O R I G E N 2  D E B U G G I N G  AND TNTERNAL I N F O R M A T I O N  O U T P U T  


































































OF COMMAN C= 
1 : . T H I S  I S  INSTRUCTION 
2 : THIS  I S  INSTRUCTION 
3 ,: THIS  I S  INSTRUCTION 
. c ; THIS I S  INSTRUCTION . 
5 : THIS I S  INSTRUCTION 
6 : THIS  I S  INSTRUCTION 
7 : THIS I S  INSTRUCTION 
8 : THIS I S  INSTRUCTION 
9 : THIS  I S  INSTRUCTION 
1 0  : THIS I S  INSTRUCTION . 
11 : THIS I S  INSTRUCTION 
1 2  : THIS  I S .  INSTRUCTION 
13 : THIS I S  INSTROCTION 
1 4  : THIS  I S  INSTRUCTION 
1 5  ; THIS I S  INSTRUCTION 
1 6  : 'THIS I S  INSTRUCTION . 
1 7  ; THIS  I S  INSTRUCTION 
1 3  : T H I S  I S  INSTRUCTION 
1 9  : THIS I S  INSTRUCTION 
2 0  : THIS I S  INSTRUCTION 
2 1  : THIS I S  INSTRUCTION 
2 2  : T H I S  I S  INSTRUCTION 
2 3  : THIS I S  INSTRUCTION 
2 4  : THIS I S  INSTRUCTION 
2 5  : THIS I S  INSTRUCTION 
2 6  ; THIS I S  INSTRUCTION 
2 7  : THIS I S  INSTRUCTION 
2 8  : THIS  I S  INSTRUCTION 
2 9  : rsIs IS INSTRUCTION 
3 0  : PHIS  I S  INSTRUCTION 
3 1  : THIS  I S  INSTRUCTION 
3 2  : THIS I S  INSTRUCTION 
3 3  : "BIS I S  INSTRUCTION 
1 OUT OF A TOTAL OF 1 *BAS * INSTRUCTIONS. UNIT=l5  
1 OUT OF A TOTAL OF 1 8  * R C A  INSTRUCTIONS. UNIT=15 
2 OUT OF A TOTAL OF 1 8  *RCA * INSTRUCTIONS. U N I T = l 5  
3 OUT OF A TOTAL OF 1 8  *RDA * INSTRUCTIONS. UNIT=15 
4 OUT OF A TOTAL OF 1 8  *BOA * INSTRUCTIONS. UNIT=15 
5 OUT' OF A TOTAL OF 1 8  *RDA * INSTRUCTIONS. UNIT=l5 
6 OUT OF A TOTAL OF 1 8  *RCA * INSTRUCTIONS. UNIT=15 
7 OUT OF A TOTAL OF 1 8  *RDA * INSTRUCTIONS. UNIT=15 
8 OUT OF A TOTRL OF 1 8  *RDA * INSTRUCTIONS. UNIT=15 
1 OUT OF A TOTAL OF 1 *COT * INSTRUCTIONS. UNIT=15 
1 OUT OF A TOTRL OF 1 *LIP  INSTRUCTIONS. UNIT=l5  
1 OUT OF A TOTAL OF 4 *LPU * INSTRUCTIONS. UNIT=15 
2 OUT OF A TOTAL OF 4 *LPU * INSTRUCTIONS. UNIT=l5  
3 OUT OF A TOTAL OF 4 *LPU * INSTRUCTIONS. UNIT=15 
4 OUT OF A TOTAL OF 4 *LPU * INSTRUCTIONS. UNIT=15 
1 OUT OF A TOTAL OF 1 *LIB * INSTRUCTIONS. UNIT=15 
1 OUT OF A TOTAL OF 1 *PBO * INSTRUCTIONS.. UNIT=15 
1 OUT OF A TOTAL OF 3 *TIT * INSTRUCTIONS. UNIT=15 
9 OUT OF A TOTAL OF 1 8  *RDA * INSTRUCTIONS. UNIT=15 
1 OUT OF A TOTAL OF 5 *INP * INSTRUCTIONS. UNXT=15 
1 0  OUT OF A TOTAL OF 1 8  *RDA * INSTRUCTIONS. UNIT=15 
2 OUT OF A TOTAL OF 5 *INP * INSTRUCTIONS. UNIT=15 
1 1  OUT OF A TOTAL OF 1 8  *REA * INSTRUCTIONS. UNIT=15 
3 OUT OF A TOTAL OF 5 *INP * INSTRUCTIONS. UNIT=15 
1 2  OUT OF A TOTAL OF 18 *RDA * INSTRUCTIONS. UNIT=15 
4 OUT OF A TOTAL OF 5 + INP * INSTRUCTIONS. UNIT=15 
1 3  OUT OF A TOTAL OF 1 8  *RCA * INSTRUCTIONS. UNIT=l5 
5 OUT OF A TOTAL OF 5 *INP * INSTRUCTIONS. VNIT=15  . 
2 OUT OP A TOTAL OP 3 *TIT * INSTRUCTIONS. UNIT=15 
I OUT O F  A TOTAL OF 5 *nov INSTRUCTIONS. YJNIT=IS 
1 OUT O F  R TOTAL OF 2 +BED * INSTRUCTIONS. UNIT=15 
1 OUT OF A TOTAL OF 2 *BOP * INSTRUCTIONS. UNIT=l5  
OUT OF A TOTAL OF 0 BIEP * INSTRUCTIONS. UNIT=15 
TSEC= 2 . 3 0 7 3  0 6  DELT= 2.30-E 0 6  T I =  7 .4613-07 E P P l =  2 .018E 0 2  FOOT= 5 .0283-03  EPF2= 2 .5653  0 2  PDDOT=-9.991E-10 EPP3= 2 . 1 3 7 3  0 2  
T2= 3 .2293-09  T3= 5.119E-10 TIM= 1.505E-OU T2M: 5.125E-07 T3M= 9.629E-08 ZPFAVG= 2.019E 0 2  PLUK= 2.900E 1 4  POWER= 3 . 7 5 0 3  01  
NUMBER OP COMMANE 3 4  : THIS I S  INSTRUCTION 2 OUT 3 F  A TOTAL OP 0 *IRP * INSTRUCTIONS. JNIT=15  
TSEC= 5.763E 0 6  UELT= 3.456E 0 6  T I =  7.453E-07 3PF1=  2 .021E  0 2  PDOT= 3 .3063-03  EPP2= 2.852E 02 ?DDOT=-8.284E-10 EPP3= 2.142E 0 2  
T 2 =  3. 1733-09  T3=  9.34CE-10 TlM= 1.506E-04 T21= 4.5U2E-07 T3H= 1.76UE-07 ZPPAVG= 2 .0233  0 2  FLU4= 2.8973 1 4  POWEL= 3 . 7 5 0 3  01  
NUMBER OF COPMIND= 3 5  : THIS I S  INSTRUCTION 3 OUT 3 P  A TOTAL OF 0 * IRP  * INSTRUCTIONS. l N I T = 1 5  
TSEC= 1.152E 0 7  DELT= 5 .7543  0 6  T1= 7.458E-07 D F l =  2.325E 0 2  FDOT= 1.000E-03 EPP2= 1 .109E  0 3  PODOT=-5.964E-10 EPP3= 2 . 1 5 2 3  0 2  
T2=  1. 601E-09  T3= 1.835E-09 TlM= 1.510E-04 T2M= C.922E-08 T3U= 3.490E-07 EPFAVG= 2 .0293  0 2  FLU:= 2 . 8 9 9 3  1 4  POWER= 3 .750E  0 1  
NUMBER OF CONMANE= 36. : THIS  I S  INSTRUCTION & OUT 3P A TOTAL OP 0 GIFP  * INSTRUCTIONS. I N I T = 1 5  
TSEC= 2.304E 0 7  DELT= 1 . 1 5 3  0 7  T I =  7.509E-07 EPP1= 2 . 0 3 2 3  0 2  FOOT=-1.507E-03 EPP2= 1 .413E  0 2  ~DDOT=-3 .4BIE- I0  EPF3=  2.178E 0 2  
T2=-4. 898E-09 1 3 =  4.392E-09 TlM= 1 .5263-04  T2M=-1,4313-06 T3M= 8.121E-07 EPFAVG= 2 .0373  0 2  PLUI= 2.9193 1 4  POWER= 3.750E 01  
NUUBER OF COMMAND= 3 7  ; THIS I S  INSTRUCTION 5 OUT OF R TOTAL OF 0 * I R P  * INSTRUCTIONS. r N I T = 1 5  
TSEC= 3.456E 0 7  CELT= 1.152E 0 7  l?1= 7.67UE-07 EPF1= 2 . 0 4 l E  0 2  PDOT=-4.638E-03 EPP2= 1 .848E  0 2  EDDOT=-8.381E-11 EPP3= 2. 408E  0 2  
T2=-1. 573E-OE T3=  1 .5213-09  TIM= 1 .5663-04  T2M=-3,5453-06 T3M= 2.957E-07 EPFAVG= 2.045E 0 2  FLU>= 2.983E 1 4  POWER= 3 . 7 5 0 3  0 1  
NUMBER OF COMHAND= 3 8  : TfiIS I S  INSTRUCTION 6 OUT OF A TOTAL OF 0 *IBP * INSTRUCTIONS. CNIT=15 
TSEC= 3.802E 0 7  DELT= 3.456E 06 T1= 8.055E-07 EPFI=  2.PU9B 0 2  FOOT=-5.80UE-03 EPP2= 1.918E 0 2  EDDOT= 3.U74E-11 EPP3= 1.643E 132 
,T2=-6.5083-09 T3=  2.52UE-11 TIN= 1 .6503-04  T2M=-P.424E-06 T3N= 4.920E-09 EPPAVG= 2.050E 0 2  FLUX= 3.131E 1 4  POWER= 3 . 7 5 0 3  01  
NUMEER OF COMMANC= 3 9  : THIS I S  INSTRUCTION 7 OOT C F  A TOTAL OF 0 W R P  * INSTRUCTIONS. ONIT=15 
TSEC= 4.608E 0 7  DELT= 8.11613 0 6  T I =  8 .2273-07 EPF1= 2.C51E 0 2  FOOT=-5.635E-03 EPF2= 1.921 E 0 2  FDDOT= 4 .2853-1  1 EPP3= 1 .7223  0 2  
T2=-1. 5 3 7 3 - 0 8  T 3 =  6.884E-11 TIM= 1.687E-OU T2M=-3..3653-06 T3H= 1.279E-08 EPPAVG= 2.053E 0 2  FLUX= 3.19eE 14 POWER= 3 .750E  0 1  
NUMBER OP COMMAND= 4 0  ; T 3 I S  I S  INSTRUCTION 8 OUT CF A TOTAL OF 0 *CRP * INSTRUCTIONS. LNIT=15 
TSEC= 5 . 7 6 0 3  0 7  DELT= 1.153E 0 7  T l =  8 .4963-07 E P P l =  2.05611 0 2  PDOT=-6.007E-03 KPP2= 1.9U6E 0 2  PDDOT= 9.529E-11 EPF3= 1 .922E  0 2  
T2=-2.498E-08 T3=-5.4313-10 TIM= 1.746B-04 T 2 F - 5 . 0 2 6 E - 0 6  T3M=-1.100E-07 EPFAVG= 2.059E 0 2  FLUX= 3.302E 1 4  POPER= 3.75013 0 1  
NUMBER OF COMMAND= 4 1  ; THIS  I S  INSTRUCTION 9 OUT OF A TOTAL OF 0 * IEP  * INSTRUCTIONS. UNIT=15 
TSEC= 6.336E 0 7  DELT= 5.75UE 0 6  T1= 8.5573-07 E P P l =  2 .0623  0 2  PDOT=-6.237E-03 EPF2= 1.970B 0 2  PDDOT= 1.564E-10 EPP3= 1 . 9 9 8 3  0 2  
T2=-1.4393-08 !I3=-3.841E-10 TIM= 1.847E-04 T2M=-3.106E-06 T31=-7.7683-08 EPFAVG= 2.0632 0 2  FLUX= 3.481E 1 4  POUEB= 3.750E 0 1  
NUMBER OF COMMPIND= 4 2  ; THIS I S  IBSTBUCTION 1 0  OUT OF A TOTAL OF 0 * IRP  INSTBUCTIONS. UNIT=15 
TSEC= 6.912E 0 7  DELT= 5 . 7 6 3 3  0 6  T I =  9 .2883-07 E P P l =  2.065E 0 2  PDOT=-5.504E-03 EPP2= 1 .9651  0 2  PDDOT= 1.3521-10 EPP3= 1 .9873  0 2  
T2=-1. 368E-08  T3=-3.771E-10 TIM= 1.918E-04 T21=-2.9683-06 T 3 s - 7 . 7 2 6 E - 0 8  EPEAVG= 2 . 0 6 6 3  0 2  FLUX= 3 .6103  1 4  POWEB= 3 . 7 5 0 1  0 1  
NUMBER OF COMMRND= 4 3  : T H I S  I S  IMSTBOCTION 11 OUT OF A TOTAL OF 0 * I E P  * INSTRUCTIONS. UN?T=15 
TSEC= 7 .603E  0 7  DELT= 6 . 9 1 2 3  0 6  T l =  9.580E-07 E P P l =  2 .0683  0 2  PDOT=-4.987E-03 EPFZ= 1 .9643  0 2  PDDOT= 1.2593-10 EPF3= 1 . 9 8 6 5  0 2  
T2=-1 .5821-08  T3=-5.716E-10 TIM= 1.981B-04 T2M=-3.4493-06 T311=-1.182E-07 EPPAVG= 2.070E 0 2  FLUX= 3 .7243  1 4  EOWEB; 3.75OE 0 1  
NUMBEB OF COBHABE= 4 4  ; T B I S  I S  IlSTROCTION 2 OUT OF A TOTAL OF 2 +BOP * INSPBOCTIONS. UNIT=15 
NUnBER OF COMMAND= 4 5  ; THIS  I S  INSTEOC,TION 1 OUT OF A TOTAL OF 1 *OPTL* INSTRUCTIONS. UNIT=15 
NUlBER OF COMMANC= 4 6  ; T B I S  I S  INSTRUCTION 1 OUT OF A TOTAL OF 1 *OPTR* INSTRUCTIONS. UNIT=15 
NUMBER OF COBMANS= 4 7  1 THIS  I S  I I I S T ~ C T I O N  1 OUT OF A TOTAL OF 1 *OPTP* IRSTBUCTIONS. UNIT=l5  
NUMBER OF COMMAND= 4 8  ; THIS I S  INSTEaCTION 1 OUT OF A TOTAL OF 2 *OUT * INSTBOCTIONS. URIT=15 
NUMBER OF COMMANC= 4 9  ; THIS I S  INSTRUCTION 1 4  OUT OF A TOTAL OF 18 *BDA INSTBOCTIONS. UNIT=15 
NUMBER OFCOMBARC= 5 0 ;  T E I S I S I N S T B O C ' I I O N  2 OUT O P A  TOTALOP 5 *MOW* INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 5 1  ; THIS I S  ISSTBOCTION 1 5  OUT OF A TOTAL OF 18 *RDA * INSTBUCTIONS. UNIT=15 
NUtlBER OF COMMAND= 5 2  ; THIS  I S  INST WCTION 1 OUT OF & TOTAL OF 1 *KEQ INSTRUCTIONS. UNIT=15 
**REP YFROA= 8.341E 0 3  NDESA= 7 . 9 5 5 3  0 3  IHPA= 1.048E 0 0  NPBOB= 7.900E 0 3  NDESB' 7 .9393  0 3  IMPB= 9.951E-01 
NEliOC= 1 .002E  0 4  NDESC= 7 . 2 8 2 3  0 3  IMPC= 1 .3773  0 0  PBC=FRD BEFORE N DEST SCALING= 1 -6253-01  PBD=FRAC OF VECT C INCLUDED= 1 , 7 7 2 3 - 0 1  
NUMBER CP COMMAND= 53 ; T B I S  I S  IBSTRDCTION 1 OUT OF A TOTAL OF 1 *PAC INSTBUCTIOBS. UNIT=l5 
+*PAC LD= 1 FAC(LD)= 1.0000% 0 0  
NUBEER OF COMMAND= 5 4  ; T H I S  I S  INSTBIICTION 1 6  OUT OF A TOTAL OF 18 *RDA * INSTRUCTIONS. UNIT=15 
NUMBER OP COMIAND= 5 5  ; THIS  I S  INSPRUCTION 3 OUT OF A TOTAL OF 3 *TIT  18S'IEUCTIONS. UNIT=15 
NUMBER OF COMMANE= 5 6  ; THIS  I S  INSTROCTION 3 OUT OF A TOTAL OF 5 *MOV INSTBUCTIONS. UNIT=15 
NUMBER OF COMBARE= 5 7  ; T B I S  I S  INSTRUCTION 1 OUT OF A TOTAL OF 3 *ACD * INSTBUCPIONS. UNIT=l5 
NUMBEROFCOMMARE= 58 ; T H I S I S I N S T R U C T I O N  2 O O T O P A T O T A L O P  3*ADD*INSPRUCTIONS.  UNIT=15 
NUMBER OF COIMAND= 5 9  : T B I S  I S  INSTB3CTION 3 OUT OF A TOTAL OF 3 *ADD * INSTRUCTIONS. UNIT=15 
YUWER OF COMMLND= 6 0  ; THIS I S  IBSTR'JCTION 2 O m  OF A TOTAL OF 2 *BED * INSTBIKTIONS. UNIT=15 
NUMBER OF COBMANE= 6 1  ; THIS I S  IBSTRJCTION 1 2  OU? OF A TOTAL OF 2 2  +IRP * INS'IBOCTIORS. UNIT=15 
?SEC= 2.307E 0 6  CELT= 2.3073 0 6  T I =  1 .6903-02 E P P l =  2.019E 0 2  FDOT= 9.453E-10 EPP2= 2.127E 0 2  PDDOT=-5.695E-17 EPP3= 2.112E 0 2  
7 2 -  1 .090E-03 T3=-5.051E-05 TlM= 8.3713-05 T2M= 5.1263-06 T3M=-2.392E-07 EPPAVG= 2.025E 0 2  FLUX= 2.8903 1 4  POtER= 5.011E-07 
XOMBER OP COf!IAND= 6 2  ; T H I S  I S  IRSTB3CTION 13 OUT OF A TOTAL OF 2 2  *IBF * INSTBUCTIOBS. UNIT=15 
TSEC= 5 .7633  0 6  DELT= 3.456E 0 6  T I =  1.862E-02 E P P l =  2 .0293  0 2  PDOT= 8.400E-10 EPP2= 2 .1293  0 2  PDDOT=-4.886E-17 EPP3= 2.112E 0 2  
? 2 =  1 .452E-03 T 3 = - 9 . 7 2 6 3 4 5  TIM= 9.1753-05 T2M= 6.818E-06 T3l=-0.6053-07 EPPAVG= 2.036E 0 2  FLUX= 2.888E 1 0  FOWER= 5.575E-07 
AUHBER OF COMMRND= 6 3  ; T B I S  I S  INSTROCTION 1 4  OUT OF A TOTAL OF 2 2  * IRF  INSTBUCTIORS. UNIT=15 
TSEC= 1.152E 0 7  DELT= 5.7543 0 6  TI=  2.1233-02 E P F l =  2 .0413  0 2  FDOT= 6.942E-10 EPP2= 2.133E 0 2  FDDOT=3.817E-17 EPP3= 2.113E 0 2  
%'2= 1 .997E-03 %3=-2.107E-04 TlM= 1.0903-04 T2M= 9.3663-06 T3M=-9.970E-07 EPPAVG= 2.048E 0 2  FLUX= 2.900E 1 4  POUER= 6 .4503-07  
BOMBER OF COMMAND= 6 4  ; T H I S  I S  INSTBBCTION 15 OVT OF A TOTAL OF 2 2  *IRP INSTRUCTIONS. URIT=15 
'?SIC= 2.304E 0 7  CELT= 1.153E 0 7  T I =  2.U54E-02 E P P l =  2 .0548 0 2  FDOT= 5.252E-10 EPP2= 2.139E 0 2  PDDOT=-2.635E-17 EPP3= 2 .1153  0 2  
1 2 =  3.027E-03 T3=-5.83UE-04 TIM= 1.195E-04 T2M= 1.415E-05 T3W-2.758E-06 EPFAVG= 2 .0623  0 2  FLUX= 2.9553 1 4  POWEB= 7.7073-07 
AUMBER OF COMMAND= 6 5  : T H I S  I S  INSTROCTION 1 6  OUT OF A TOTAL OF 2 2  *IBF * INSTRUCTIONS. UNIT=15 
?SEC= 3 . 4 5 6 3  0 7  DELT= 1.152E 0 7  .T I=  2.901E-02 E P P l =  2 .0683  0 2  PDOT= 3.254E-10 E P F Z  2.1533 0 2  PODOT=-1.381E-17 EPP3= 2 .1213  0 2  
"= 1.8743-03 T3=-3.053E-04 TIM= 1. U03E-04 T2M= 8.7043-06 T3M=- 1.439E-06 EPPAVG= 2.072E 0 2  FLUX= 3.050E 1 4  POWER= 9.012 E-07 
UUMBER OF COMMANF 6 6  ; THIS  I S  INSTRUCTION 17 OUT OF A TOTAL OF 2 2  *IBP * INSTROCTIONS. UNIT=l5 
TSEC= 3 .8023  0 7  DELT= 3.456E 0 6  T I =  3 .1853-02 E P P l =  2 .0763  0 2  PDOT= 2.1QOE-.lO EPP2= 2.168E 0 2  FDDOT=-8.422E-18 EPF3= 2.130E 0 2  
T 2= 3 .7053-04  T3=- 1 .6763-05  TIM= 1.534E-04 T2M= 1 -709E-06 T31=-7.871E-08 EPPAVG= 2 .0771  0 2  FLUX= 3.156E 1 4  POWER= 9.8233-07 
BOMBER OF COMMAND= 6 7  ; T B I S  I S  ISSTRUCTION 18 OUT OF A TOTAL OF 2 2  *I$P INSTBUCTIONS. URIT=l5  
TSEC= 4.608E 0 7  DELT= 8.061E 0 6  T I =  3.246E-02 EPPl=  2.078E 0 2  PDOT= 1.9433-10 EPP2= 2 .1733  0 2  IDDOT=-7.771E-18 EPP3= 2 .133E  0 2  
T 2 =  7.833E-0c T3=-8.416E-05 TlM= 1.5623-0.4 T2M= 3.6043-06 T3M=-3.946E-07 EPPAVG= 2.080E 0 2  FLUX= 3.258E 1 4  POWER= 1.044E-06 
NUMBER OP COtMAND= 6 8  : THIS I S  INSTRUCTION 1 9  OUT OP A TOTAL OF 2 2  * IEP  * INSTRUCTIONS. lNIT=15  
TSEC= 5 . 7 6 0 3  0 7  DELT= 1.153E 0 7  T1= 3.3713-02 E P P l =  2.082E 0 2  PDOT= 1.426E-10 EPP2= 2.190E 0 2  PDDOT=-5.742E-18 EPP3= 2.141E 0 2  
T 2 =  8 .2203-00  13=-1.2713-04 TIM= 1.619E-04 T2M= 3.7533-06 T3M=-5.9393-07 EPPAVG= 2 .0843  0 2  FLUS= 3.397E 1 4  POWER= 1.130E-06 
NUMBER OF COMMAND= 6 9  : THIS  I S  INSTBUCTION 20  OUT OP A TOTAL OP 2 2  *IRP * INSTRUCTIONS. UNIT=lS 
TSEC= 6.336E 0 7  CELT= 5 . 7 5 0 3  0 6  T1= 3 .1513-02  E P P l =  2 . 0 8 5 1  0 2  PDOT= 9.412E-12 EPP2= 3.986E 0 2  PDDOT= 3 .7633-18  EPP3= 2.076E 0 2  
T2=  2.708E-0': T3= 2.0763-05 TIM= 1.655E-04 T2M= 6 .7933-08  T31= 1.000E-07 EPFAVG= 2.086E 0 2  FLUX= 3 .5361  1 4  POWER= 1.181E-06 
NUMBER OP COnMAND= 7 0  ; THIS  I S  INSTRUCTION 2 1  OUT OP A TOTAL OF 2 2  * IRP  * INSTRUCTIONS. UNIT=15 
TSEC= 6.912E 0 7  DELT= 5 .7533  0 6  T?= 3.4363-02 EPPl=  2 .087E  0 2  PDOT= 3.455E-11 EPF2= 2 .3963  0 2  PDDOT= 1.481E-18 EPP3= 2.024E 0 2  
T 2 =  9 .9563-05  T3=  8.197E-36 TIM= ? .647E-04 T2M= 4.155E-07 T3M= 4.049E-08 EPPAVG= 2.088E 0 2  FLUX= 3.662E 1 4  FOWER= 1.220E-06 
NUMBER OF COYMANE= 7 1  : THIS I S  INSTRUCTION 2 2  OUT' OP A TOTAL OP 2 2  *IRP * INSTRUCTIONS. 'ONIT=lS 
TSEC= 7 .603E  0 7  CELT= €.SIZE 0 6  T I =  3 .4373-02 E P P l =  2.088E 0 2  PDOT= 4.536E-11 EPP2= 2.30UE 0 2  PDDOT= 1.792E-19 EPP3= 1.570E 0 2  
T 2 =  1. 568E-04  T3=  1.427E-06 TlI l= 1.646E-04 T2M= 6.8031-07 T3M= 9.090E-09 EPFAVG= 2.089E 0 2  FLCX= 3.7833 1 4  POWER= 1.262E-06 
NUMBER OP COUMAND= 7 2  ; THIS I S  INSTRUCTION 2 OUT OP A TOTAL OP 2 *OUT * INSTRUCTIONS. UNIT=l5  
NUMBER OF COMMAND= 7 3  ; THIS I S  INSTRUCTION 1 7  OUT OP A TOTAL OF 1 8  *RDA * INSTRUCTIONS. UNIT=lC 
NUHBER OP COMMANC= 7 4  ; THIS I S  INSTRUCTION 1 8  OUT 3 P  A TOTAL OP 1 8  *RDA * INSTRUCTIONS. UNIT=lC 
N U M B E R  O P  C O M M A N D =  7 5  ; T H I S  IS I N S T R U C T I O N  u OUT OF A T O T A L  O P  5 *nov * INSTRUCTIONS. U N I T = I C  
NUMBER OF COMMANC= 7 6  ; THIS I S  INSTRUCTION 5 OUT OP A TOTAL OP 5 *MOV * INSTRUCTIONS. UNIT=15 
NUMBER OF CO!lMAND= 7 7  : THIS IS INSTRUCTION 1 OUT OP A TOTAL OP 4 *PCH * INSTRUCTIONS. UNIT=15 
NUMBER OP COHMAND= 7 8  ; THIS I S  INSTRUCTION 2 OUT OP A TOTAL OP 4 *PCA * INSTRUCTIONS. UNIT=15 
NUMBER OPCOWMANC= 7 9  ; T H I S  ISINSTRUCTION 3 O U T O P A  TOTALOP 4 *PCH *INSTRUCTIONS. UNIT=15 
NUMBER OP COMflANC= 8 0  : THIS I S  INSTROCTION 4 OUT OP A TOTAL OF 4 *PCR * INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 8 1  : THIS  I S  INSTRUCTION 1 OUT OP A TOTAL OP 1 *STP * INSTRUCTIONS. UNIT=15 
NUMBER OP COUMAND= 1 : THIS I S  INSTRUCTION 1 OUT OP A TOTAL OP 2 *BAS * INSTRUCTIONS. UNIT=15 
NUMBER OP COMMAND= 2 : THIS I S  INSTRUCTION 1 0 0 3  OP A TOTAL OP 1 *CUT * INSTRUCTIONS. UIIIT=15 
NUMBER OP COMMAND= 3 : THIS I S  INSTRUCTION 1 0 0 1  OP A TOTAL OF 1 *LIP  * INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 4 : THIS I S  INSTRUCTION 1 0 0 1  OP A TOTAL OP 1 *LPU * INSTRUCTIONS. UNIT=15 
NUMBER OP COMMAND= 5 : THIS I S  INSTRUCTION 1 00'1' OP A TOTAL OP 1 *LIB * INSTRUCTIONS. UNIT=lS 
NUMBER OF CCMMAND= 6 ; THIS I S  INSTBUCTION 1 OUT OP A TOTAL OP 1 *PRO * INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 7 ; THIS I S  INSTBUCTION 1 OUT OP A TOTAL OP 3 *MOV * INSTRUCTIONS. UIIIT=l5 
NUIlBER OF COMMANC= 8 : THIS I S  INSTRUCTION 1 OUT OP A TOTAL OF 6 *RDA INSTRUCTIONS. UDIT=l5 
NUMBER OP COMMAND= 9 ; THIS I S  INSTRUCTION 2 00" OP A TOTAL OP 6 *RCA * INSTRUCTIONS. UUIT=15 
NUMBER OF COMMANC= 1 0  : THIS I S  INSTRUCTION 1 OUT OP A TOTAL OP 0 *DEC INSTRUCTIONS. UBIT=15 
NUMBER OF CCMMAND= 11 : THIS I S  INSTRUCTION 1 OUT OP A TOTAL OP 4 *PRO INSTRUCTIONS. UUIT=15 
NUMBER OP CCMMAND= 1 2  r THIS I S  INSTRUCTION 2 00" OP A TOTAL OP 4 *PRO INSTRUCTIONS. UNIT=l ' j  
NUMBER OF CCMMANB 1 3  r THIS I S  INSTRUCTION 3 OU? OP A TOTAL OP 4 *PRO * INSTRUCTIONS. U N I T = l j  
NUMBER OF CCMMAND= 1 4  r THIS I S  INSTRUCTION 4 00" OP A TOTAL OP U *PRO * INSTRUCTIONS. UMIT=l'j  
NUMBER OF CCMMAND= 1 5  ; THIS  I S  INSTRUCTION 2 OU? OP A TOTAL OP 2 *BAS INSTRUCTIONS. URIT=15 
NUMBER OP CBMMAND= 1 6  ; THIS IS INSTRUCTION 3 0 U 3 F  A TOTAL OP 6 *RDA * INSTRUCTIONS. UQIT=15  
NUMBER OF CC*MMAND= 1 7  : THIS IS INSTRUCTION 1 OU? OP A TOTAL OP 2 *TIT  * INSTRUCTIONS. UYIT=15 
NUMBER OP COMMANC= 1 8  ; THIS IS INSTRUCTION 2 O U T O F  A TOTAL OP 3 *MOV * INSTRUCTIONS. UYIT=75 
NUMBER OPCCgMMAND= 1 9 ;  T H I S I S I N S T R U C T I O N  1 O U ? O P A T O T A L O P  2 *RED* INSTRUCTIONS. UNIT=l5 
NUMBER OP COMMAND= 2 0  : THIS I S  INSTRUCTION 2 00" OP A TOTAL OP 0 *DEC * INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 2 1  ; THIS I S  INSTRUCTION 3 OUT OF A TOTAL OP 0 *DEC * INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 2 2  ; THIS  I S  INSTRUCTION 4 OUT OP A TOTAL OP 0 *DEC * INSTRUCTIONS. UNIT=15 
NUMBER OP COMMANC= 2 3  ; THIS  I S  INSTRUCTION 5 OUT OP A TOTAL OF 0 *DEC * INSTRUCTIONS. UNIT=l5  
NUMBER OF COMMAND= 2 4  ; THIS I S  INSTRUCTION 6 OUT CP h TOTAL OP 0 *DEC * INSTRUCTIONS. UNIT=15 
NUMBEROPCOMMANC= 2 5 ; T H I S I - C I N S T R U C T I O N  7 O U T O P A  TOTALOP 0 *DEC*INSTRUCTIONS. UNIT=15 
NUMBER OF CCMUAND= 2 6  ; THIS I S  INSTRUCTION 8 OUT OP A TOTAL OP 0 *DEC IUSTRUCTIONS. UNIT=15 
NOMBER OP COUMAND= 2 7  : THIS  I S  INSTRUCTION 9 OUT OP A TOTAL OF 0 *DEC * INSTRUCTIONS. UNIT=15 
NUNBER OP COMflANC= 2 8  : THIS I S  INSTRUCTION 1 0  OUT OP A TOTAL OP 0 *DEC INSTRUCTIONS. UNIT=15 
NUMBER OF COMMAND= 2 9  ; T H I S  I S  INSTRUCTION 1 1  OUT OP A TOTAL OP 0 *DEC * INSTRUCTIONS. UNIT=15 
NUHBER OF COMMAND= 3 0  ; T H I S  I S  INSTRUCTION 1 2  OUT OP A TOTAL OP 0 *DEC * INSTRUCTIONS. UNIT=15 
NUMBER OF CCMMAND= 3 1  : T H I S  I5 INSTRUCTION 1 3  OUT OP A TOTAL OP 0 *DEC INSTRUCTIONS. UNIT=T5 
NUMBER OP COMMAND= 3 2  ; T H I S  I C  INSTBUCTIOU 1 4  OUT OP A TOTAL OP 0 *DEC * INSTRUCTIONS. UNIT=1'5 
NUMBER OP COMMANC= 3 3  ; T H I S  I 5  INSTRUCTION 1 5  OUT OP A TOTAL OP 0 *DEC INSTRUCTIONS. UNIT=TS 
NUMBER OP COML(ANC= 3 4  ; THIS I S  INSTRUCTION 1 O m  OP A TOTAL OP 4 *OUT * INSTRUCTIONS. UNIT=PS 
















C. W. Alexander 
E. J. ~llen 
W. B. Arthur 
J. 0. Blomeke 
E. S. Bomar 
W. D. Burch 
D. 0. Campbell' 
.W. L. Carter 
J. C. Cleveland 
A. G. Croff 
W. Davis, Jr. 
D. E. Ferguson 
C. W: Forsberg 
M. J. Haire 
0. W. Hermann 
C. W. Kee 
L. ,J. King 
A. D. Mitchell 
ORNLITM-7175 
Dist. Category UC-70 
INTERNAL DISTRIBUTION '. 
31. G. W. Morrison 
32-36. K. J. Notz 
37-46. Radiation Shielding 
Information Center 
47. F. M. Scheitlin 
48. H. F. Soard 
49. M. G. Stewart 
50. S. N. Storch 
51. W. E. Thomas 
52. V. C. A. Vaughen 
53. J. W. Wachter 
54-58., R. G. Wymer 
59-60. Central Research Library 
61. ORNL Patent Section 
62-63.. Laboratory Records 
64. Laboratory Records, ORNL R.C. 
65. ORNL-Y-12 Technical Library 
Document Reference Section 
EXTERNAL DISTRIBUTION 
DOE-ORO, Oak Ridge, TN 37830 . . 
66. Office of Asst. Manager for Energy Research'and Development 
67. D. E. Large 
DOE, Washington, DC 20545 
68. G. K. Oertel 
69. R. D. Walton 
Battelle Pasific Northwest Laboratory, P.O. Box 999, ~ichland, WA 99352 
70. A. M. Platt 
71. E. J. Merrill 
Argonne ~ational Laboratory, 9700 South Cass Ave., Argonne, IL 62439 
/2.  Y .  I. Chang 
73. M. Steindler 
Sandia Laboratories, P.O. Box 5800, Albuquerque,-NM 87115 
74. S. A. Dupree 
E. I. du Pont de Nemours and Company, Savannah River Laboratory, 
Aiken; SC 29801 
75. R. W. Benjamin 
Bechtel National, Lnc., P.O. Box 3965, San Francisco, CA 9411.9 
76. G. H. Dyer 
Los Alamos Scientific Laboratory, Grnup T-2, Mail Stop 243, 
Los Alamos, NM 87545 
77. T. R. England 
Los Alamos.Technica1 Associates, P.O. Box 410, 1553 Myrtle St., 
Los Alamos, NM 87544 
78. S. E. Logan 
General Electric, Mail Code S-34, P.O. Box 5020, Sunnyvale, CA 94086 
79. S. L. .Beaman 
Battelle Columbus Laboratories, Office of Nuclear Waste Isolation, 
505 King Ave., Columbus, OH 43203 
80. J. Waddell 
Hanford Engineering Development Laboratory, P.O. Box.1970, 
Richland, WA 99352 
81. F. M. Mann 
82. F. Schmittroth 
Westinghouse Electric, Waltz Mill Site, P.O. Rox 158, Madison, PA 15663 
83. C. McGinnis 
Allied-Gulf Nuclear Services, P.O. Box 847, Ba.rnwel1, SC 29812 
84. W. H. Carr 
Science Applications, Inc.;5 Palo Alto Square, Suite 200, 
Palo Alto, CA 94304 
85. R. R. Fullwood 
Atomic Energy Research Establishment, Harwell, Bidcot, Oxnn., OX11 ORA, 
England 
86. J. R. Grover 
National Radiation Protection Board, Harwell, Didcot, Oxon., OX11 OM,. 
England 
87. G. N. Kelley 
Centre d16tudes nuclgaiers de Fontenay-aux-~oses, R. P. Nn, 6, 
Fontenay-aux-Roses, France 
88. . Y. Sousselier 
OECD-Nuclear Energy Agency,,%, Boulevard Suchet, F-75016 Paris, France 
89. M. Takahashi 
International Atomic Energy Agency, P.O. Box 590, A-1011 Vienna,' Austria 
90. E. R. Irish 
Lab.. Teoria 'e Calcolo Reottori, C.N.E.N.-C.S.N. Casaccia, CP 2400, 
1-00100 Rome, Italy 
91. L. Tondinelli 
hstitut fur Heisse Chemie Kernforschungszentrum, Postfach 3640, 75 
Karlsruhe, Germany 
'92. H. 0 .  Haug 
NUKEM GmbH, Postfach 110080, D-6450 Hanau 11, West Germany 
. 93. Michael Weber 
Commission of 'the European Communities, CCR Euratom, 1-21200 
rspra, Italy 
94. F. Girardi 
Chalmers University of Technology, Dept'. of Nuclear Chemistry, S-402 20 
~oteborg, Sweden 
95. J. 0 .  Liljenzin 
CCR Euratom, 1-21200, Ispra, Italy 
96. W. Hage 
Studsvik, AB Atomenergi, Fack, S-611 01, ~ ~ k o p i n g  1, Sweden 
97. E. Hellstrand 
Cadarach, B.P. No. 1, 131i5 Sant-Paul-lez-Durance, France 
98. J. Bouchard 
99-422; Given distribution as shown in TID-4500 under ~uclear Waste 
Management category' (NTIS -'25 copies) 
irU.9. GOVERNMENT PRINTING OFFICE: 1 9 W 2 4 5 / 1 7 9  
